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“ 1113, line 4, for “1933” read “1932.” 

“1119, caption B, for “page 1087” read “page 1083.” 

“1126, caption C, for “page 1084” read “page 1086.” 

“1127, caption A, for “page 1086” read “page 1087.” 
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Certificate of Incorporation and Code of By-Laws of the Geological Society of 
Officers, Correspondents, and Fellows of the Geological Society of America.... 123 


SEssION OF WEDNESDAY MorntnG, DECEMBER 28 


The Forty-fifth Annual Meeting of the Geological Society of America 
was called to order in the Harvard Union, Cambridge, Massachusetts, at 
10 a. m., by President R. A. Daly, who acted as Chairman. Secretary 
Charles P. Berkey kept a record of the proceedings. 

The President announced that a quorum was present in person or repre- 
sented by proxy, and that the meeting could proceed with the business 
to come before it. The Secretary then presented the report of the 
Council, including the reports of the officers, as follows: 


REPORT OF THE COUNCIL 


To the Geological Society of America, in forty-fifth annual meeting 
assembled: 


The regular annual meeting of the Council was held at Tulsa, Okla- 
homa, in connection with the Annual Meeting of the Society, December 
29-31, 1931. Special meetings of the Council were also held in Wash- 
ington, D. C., on April 24, 1932, and in New York City on June 25, 
1932, October 15, 1932, and November 5, 1932. 

The details of administration for the forty-fourth year of the existence 
of the Society are given in the following reports of the officers: 


PRESIDENT’S REPORT 


To the Council of the Geological Society of America: 


Every Fellow of the Society knows that an unusual program of work 
has been admirably carried out by the permanent officers through 1932, 
but few can fully appreciate the weight of the burden that has lain on 
the shoulders of these men during the twelve months. All thanks and 
honor are due them for services beyond the reach of financial payment. 
Perhaps less obvious are the vital achievements of supporting commit- 
tees. 

For forty-three years the Society has been cultivating a field and rais- 
ing a goodly crop of results—questions and answers about the story of 
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our planet. With Penrose’s enlargement of the field the Society has felt 
the first duty of a good cultivator. Accordingly the past year has been 
devoted to deep plowing, to preparing the ground for the seed from which 
shall come the crops of discovery and record during the decades to come. 
The new field is so wide that the spade has been supplemented with the 
tractor-plow. This multiple power has come from the Advisory Com- 
mittee on Policies and Projects, the Advisory Finance Committee, and 
the Committee on By-Laws. 

All three committees were chosen from among those members of the 
Society who are most skilled in the respective problems of administration, 
and the rest of us can not be too grateful to them for their effective devo- 
tion to the task of planning for the future. In essentials their recom- 
mendations have led to positive action by the Council and by the Society 
at large. The breadth and thoroughness of the work done by the two 
Advisory committees are evident in their reports, which have already 
been circulated throughout the Society. The amount of time and labor 
expended by the Committee on By-Laws has not, by a broadcast report, 
been made evident to all, but the Council knows full well what energy 
and brains were used in solving the many constitutional questions con- 
nected with the change of the Society to an incorporated body. It is 
with the deepest sorrow that we think of the loss of the Chairman of this 
committee—Sidney Powers, a brilliant leader in his science and in the 
work of the Society. 

Of extraordinary importance are the more recently appointed, perma- 
nent though rotating, committees on Projects and Publications. These 
men, who are loyally undertaking much labor and heavy responsibility, 
are worthy of particular recognition by the Society, for on them falls 
the duty of henceforth guiding the Council as it sows the seed in the 
new ground plowed by the older Advisory Committee on Policies and 
Projects and harrowed by the Committee on By-Laws. 

Already one part of the field has been seeded. The Penrose Fund 
has enabled the Society to help substantially the financing of the Inter- 
national Geological Congress of 1933. Without that subvention it is 
doubtful that the Congress could meet on schedule at all. As it is, we 
can welcome, and learn the wisdom of, our colleagues from many coun- 
tries, when we meet with them next July. Here, as in all other plans 
for the future, we hold that our science knows no limits in land or sea. 

Two problems, closely related to each other, are always with the 
Council: first, how to relieve the congestion of papers offered at the An- 
nual Meeting of this rapidly growing Society; second, how the standard 
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of our Bulletin can be improved. The meetings have too many speakers ; 
the Bulletin, too many pages. Improvement in the one case automatically 
leads to improvement in the other. Will not the Society at large take this 
matter in hand and further encourage the Council and its committees to 
select for presentation and publication only those papers that show high 
quality of thought and a reasonably condensed expression of the thought ? 
Can we not discipline ourselves for the common good, study means of 
“stressing the main point,” and at spoken presentations omit many 
details suitable for the printed page? Should not each of us carefully 
consider the appropriateness of submitting papers that shed no new light 
on the principles of earth science ? 


The committees appointed for this year are as follows: ~ 

Finance Committee: Joseph Stanley-Brown (Chairman), Donnel F. 
Hewett, W. E. Wrather, Edward B. Mathews (ez officio). 

Membership Committee: Heinrich Ries (Chairman), Donnel F. 
Hewett, Frank R. Van Horn. 

Publication Committee: Charles P. Berkey (Chairman), Edward B. 
Mathews, Joseph Stanley-Brown, R. S. Bassler, George W. Stose. 

Committee on Foreign Correspondents: R. A. Daly (Chairman), I. P. 
Tolmachoff, J. P. Buwalda, N. L. Bowen, Ernst Antevs, Perey E. Ray- 
mond, 

Committee on Penrose Medal Award: Eliot Blackwelder (Chairman), 
Andrew C. Lawson, Rudolf Ruedemann, Douglas Johnson, Thomas L. 
Walker, Frank F. Grout, Joseph T. Singewald, Jr. 

Committee on Foreign Exchanges: Edward W. Berry (Chairman), Ed- 
ward B. Mathews, J. E. Hyde. 

Committee of Past-Presidents on General Advisory Matters: Alfred C. 
Lane (Chairman), and entire list of living Past-Presidents. 

Committee on Applications of Geology: Richard M. Field (Chairman), 
Charles Camsell, Sidney Powers,* M. M. Leighton, W. Bowie, F. J. Pack, 
J. P. Buwalda, W. G. Foye, Kirk Bryan, George F. Kunz.* 

Committee to Assist with the Geologic Plans of the Chicago Museum 
of Science and Industry: Edson 8, Bastin (Chairman), C. H. Behre, Jr., 
Rollin T. Chamberlin, Richard M. Field, U. 8. Grant,* W. 0. Hotchkiss, 
M. M. Leighton, C. K. Leith, Kirtley F. Mather, W. E. Wrather. 

Committee to Investigate Ward’s Natural Science Establishment: 1. C. 
Graton (Chairman), Waldemar Lindgren, C. K. Leith. 

Advisory Finance Committee: H. Foster Bain (Chairman), George Otis 
Smith, Ernest Howe.* 


* Deceased. 
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Advisory Committee on Policies and Projects: C. K. Leith (Chair- 
man), Isaiah Bowman, Waldemar Lindgren, John B. Reeside, Jr., Rollin 
T. Chamberlin, M. M. Leighton, Frank D. Adams. 

Special Committee on Editorial and Publication Policy: Rollin T. 
Chamberlin (Chairman), Alan M. Bateman, George W. Stose. 

Special Committee on By-Laws: Sidney Powers* (Chairman), Charles 
P. Berkey, Donnel F. Hewett, Nevin M. Fenneman. 

Committee on Penrose Memorial: Alfred C. Lane (Chairman). 

Local Committee for the Cambridge Meeting: Russell Gibson (Chair- 
man), Charles W. Brown (Treasurer), Perey E. Raymond (Session 
Rooms), M. P. Billings (Living Accommodations), Kirtley F. Mather 
(Banquet), F. K. Morris (Smoker), L. Don Leet (Exhibits, Equipment 
and Bulletin Boards), Kirk Bryan (Registration, Information and Print- 
ing), Mrs. F. K. Morris (Entertainment of Visiting Ladies), H. W. 
Shimer (Excursions). 


The committees appointed to serve in 1933 are: 


Projects Committee: W. J. Mead (Chairman), John B. Reeside, Jr., 
Adolph Knopf. 

Publications Committee: George W. Stose (Chairman), Rollin T. 
Chamberlin, W. F. Hunt. 


Official Appointments for the Year: 


Inauguration of William A. Boylan as President of Brooklyn College: 
Delegate, Charles P. Berkey. 

Dedication of the Mary Reed Library of the University of Denver: 
Representative, Francis M. Van Tuyl. 

Board of Surveys and Maps of the Federal Government: Representa- 
tive, N. H. Darton. 

National Parks Association: Representative, David White. 

Joseph A, Holmes Safety Association: Representative, John J. Rut- 
ledge. 

Advisory Council of the Kemp Memorial Fund: Representative, Charles 
P. Berkey. 


Respectfully submitted, 
R. A. Daty, 


President. 


* Deceased. 
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SECRETARY'S REPORT 


To the Council of the Geological Society of America: 

The Secretary’s annual report for the year ending November 30, 1932, 
is as follows: 

Meetings.—The Proceedings of the Annual Meeting held at Tulsa, 
Oklahoma, December 29-31, 1931, have been recorded in volume 43, 
pages 1-220 of the Bulletin; those of the Cordilleran Section, pages 221- 
238 of the Bulletin; of the June, 1931, meeting of Section E of the 
American Association for the Advancement of Science, pages 239-214; 
of the January, 1932, meeting of Section E, pages 245-252; of the 
Paleontological Society, pages 253-304; of the Mineralogical Society, 
pages 305-312 of the same volume. 

Membership.—During the last year the Society has lost by death three 
correspondents, Johan Kiaer, J. H. L. Vogt, and John W. Gregory; three 
Original Fellows, B. K. Emerson, Erasmus Haworth, and George F. Kunz; 
and ten Elected Fellows, George I. Adams, T. H. Aldrich, Albert Perry 
Brigham, A. C. Gill, U. S. Grant, W. J. Holland, Ernest Howe, J Claude 
Jones, Sidney Powers, and J. A. Udden. The names of the forty candi- 
dates for Fellowship elected at the Tulsa meeting have been added to the 
printed list. No names have been dropped for nonpayment of dues. 
There have been no resignations. The present enrollment of the Society 
is 632. Seven candidates for Correspondentship and thirty-five candi- 
dates for Fellowship are before the Society for election, and a number 
of applications for Fellowship are under consideration by the Council. 

Distribution of the Bulletin.—During the past year there have been sent 
out to domestic subscribers 207 copies and to foreign subscribers 91 copies 
of the Bulletin, 20 going to new subscribers. This shows an increase 
over last year of 10 copies. Eight volumes have been distributed gratis, 
as follows: The Library of Congress; the Government Geological Surveys 
of the United States, Canada, and Mexico; the Bureau of Science, Manila, 
Philippine Islands; the Smithsonian Institution, Washington, D. C.; the 
Geological Society of America Library, Western Reserve University, 
Cleveland, Ohio; the Columbia University Library, New York, N. Y. 
The present exchange list comprises 57 addresses. 

In some respects the year 1932 has been revolutionary. The outstand- 
ing events are the acquisition of the Penrose Bequest, the establishing 
of a headquarters house, reexamination of the plan, activities and outlook 
of the Society, and steps toward reorganization to meet the new respon- 
sibilities. 

Some of these items deserve a word of explanation, but so much has 


= 
ig 


11 


SECRETARY’S REPORT 


been done during the year that it is not practicable to cover the detail. 
There have been volumes of reports from committees and other volumes 
of suggestions from members, all of which have been taken into con- 
sideration by the Council, either directly or through its advisory com- 
mittees. 

The Council of the preceding year, 1931, had full. realization of the 
importance of the task imposed by the Penrose Bequest and had taken 
steps looking to the selection of a committee representing the general 
membership, to help study the problem of expanded activity and proper 
supervision of the financial interests of the organization. It was well 
understood, however, that the 1932 Council would have the major respon- 
sibility in making the transition from the old order to the new, and the 
task was transferred at that point. 

At the first meeting of the 1932 Council, held in Tulsa, Oklahoma, at 
the time of the 1931 annual meeting, two advisory committees, one on 
policies and projects, under the chairmanship of C. K. Leith, and one 
on finance, under the chairmanship of H. Foster Bain, were appointed. 
The first task of these committees was to advise the Council with respect 
to the care and administration of the Penrose Bequest, to give considera- 
tion to the many suggestions and proposals made by the membership, and 
to study the expanded opportunities of the Society and recommend 
changes that might be advisable in the administrative system. 

These two committees, together with the regular standing committee 
on finance, under the chairmanship of J. Stanley-Brown, which had 
long been at work on the problem of management of investments and 
care of securitias, made formal reports to the Council at the spring meet- 
ing, held in April, in the city of Washington. The major recommenda- 
tions of these committees were adopted in principle, either at this meeting 
or at subsequent ones, and steps have been taken to put them into opera- 
tion. These reports, together with a memorandum by the Secretary, 
reporting the action of the Council, have been distributed to all members 
of the Society and seem to require no additional comment. 

It soon became apparent that considerable revision of the By-Laws 
would be necessary, and accordingly a special committee was appointed 
under the chairmanship of the late Sidney Powers. This committee, with 
the assistance of legal counsel, reported a completely revised form of By- 
Laws, which was accepted by the Council, and has been distributed in the 
usual manner. An effort has been made to preserve as much as pos- 
sible of the simple form of organization and procedure that has charac- 
terized the Society from the beginning. The changes are primarily those 
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made necessary by legal requirements, the added responsibilities of the 
officers, and by the expanded activities proposed. A sufficient number 
of the members of the Society have already signified approval to insure 
the adoption of this new form. ‘ 

Numerous rules and regulations have been formulated from time to 
time and usages have grown up in practical administration of the So- 
ciety’s affairs which are not necessarily appropriate for inclusion in the 
formal by-laws. For the most part they cover matters of procedure, 
have no legal significance, and could be changed without effect on the 
formal handling of the business of the corporation. It is proposed to as- 
semble these in a separate document under the head of rules and resolu- 
tions. 

At the time of Doctor Penrose’s death, and for some time before, the 
Secre_ary was engaged in search of a suitable site for a home for the 
Society. This was done at the personal request of Doctor Penrose who 
had repeatedly advised enlarging the accommodations and service, offer- 
ing private means to support the increased cost. This was urged by him 
as a way of caring for the increasing burden of work and as a means of 
establishing the Society in independent and more appropriate quarters. 
He had remarked that no society could attain commanding dignity and 
standing among great organizations without a house of its own where 
its activities could be centered. 

These preliminary moves were broken abruptly by the death of Doctor 
Penrose in the mid-summer of 1931. When it became known that a 
large share of his fortune was to come to the Society, it was at once ap- 
preciated that his Wishes in this matter ought to be carried forward, and 
the Council authorized the Secretary to secure adequate temporary ac- 
commodations. This step, therefore, simply carried forward a program 
already started. Fortunately, a private house belonging to the trustees of 
Columbia University had become vacant, and on learning the needs of 
the Society, the temporary use of this house was offered to the organization. 
The building required considerable repair but otherwise was found to be 
eminently suitable and convenient. The offer was accepted, the repairs 
were made, the secretarial offices were moved, and the Penrose Library, 
which also had become the property of the Society, was installed as a 
memorial in this building. 

This building at 419 West 117th Street, New York, is now known as 
The Geological Society House. The quarters are commodious and in 
every respect suitable to the needs of the organization. The interests 
of the Society are protected by insurance adjustments and, although 
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necessarily temporary, as far as one can see the housing requirements of 
the Society are provided for several years. The administrative work is 
now carried on in this house. It is headquarters for the Secretary and 
his assistants, the editorial service, the Finance Committee and the As- 
sistant Treasurer with the statistical records, and it is being used as a 
convenient meeting place for the Council and its various committees. 

It is only fair to the secretarial staff to note that the routine work of 
the office has been enormously increased by the activities and investiga- 
tions of the year. It has been necessary to add to the personnel, and 
redistribute some of the duties that have heretofore fallen on Mrs. Miriam 
¥. Howells, who has served through this trying time with her usual 
efficiency and devotion. With the help of Mrs. Margaret Perez, we have 
been able to carry the added work successfully through the year. 

Early in the summer, the greater part of the Penrose Bequest, amount- 
ing to $3,883,031.88, estimated value of principal in cash and securities, 
became available for transfer. The schedule of distribution was signed 
by Judge Sinkler of the Orphans’ Court of Philadelphia County, dated 
May 13, 1932. The Secretary was charged by the Council with the duty 
of accepting delivery of the cash and securities and making arrange- 
ments for their safe keeping. The Guaranty Trust Company of New 
York had been selected by the Council as the depositary and arrangements 
were made with this Company for the care and handling of the securities 
and funds. The sum of $736,977.39 in cash in principal account was 
transferred on July 12, but because of the advisability of making the trans- 
fer in comparatively small lots the actual delivery of securities in nego- 
tiable form took all summer and was not completed for the registered 
bonds until November 9. A cash reserve of a quarter of a million was 
still held by the Pennsylvania Company, under the control of the execu- 
tors, against possible claims and taxes, but recently all except a half share 
in $25,000 has been transferred to the possession of the Society. 

The standing committee on finance, under the chairmanship of J. 
Stanley-Brown, is charged with the responsibility of keeping the Council 
informed and advised on the investment situation and on investment 
policies. In this work the committee has the expert help of Miss Beatrice 
E. Carr, Assistant Treasurer. The principles under which this commit- 
tee works have been fully explained. There is now no doubt of the suc- 
cessful operation of the plan. 

The interests of the Society have been guarded most helpfully by 
Allen R. Memhard, legal counsel, through the long series of steps neces- 
sary to secure the bequest and to set up the machinery for its care and 
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handling. On him, also, fell the responsibility for the final form of the 
new By-Laws. No one would have expected this task to be so necessary or 
so varied, or that it would take so much time. It has been a year of many 
important transactions where a mistake might have been costly. We owe 
much to his sound advice and constant solicitude for the interests of the 
organization. 

The revised plan outlined by the new By-Laws calls for the organization 
of two new standing committees, one on projects and the other on publica- 
tions. The Projects Committee, under the chairmanship of W. J. Mead, 
with J. B. Reeside, Jr., and Adolph Knopf as members, and the Publica- 
tions Committee, under the chairmanship of George W. Stose, with R. T. 
Chamberlin and Walter F. Hunt as members, have organized. 

It has taken considerable time to organize the machinery recommended 
by the advisory committees. It must seem to those who have not been in 
close touch with these matters that action has been unnecessarily delayed. 
In explanation, it should be recalled that the Penrose Bequest has been in 
the possession of the Society only a few months and that the immediately 
available income was mortgaged somewhat in advance by underwriting the 
International Geological Congress. Therefore, the machinery has been 
set in motion about as soon as it was needed. 

The projects already proposed by the membership would require funds 
several times larger than are available. Obviously a careful selection has 
to be made, and it is surely not necessary to encroach on fields already 
covered or to take over responsibilities belonging to other organizations or 
institutions. 

The Council has accepted the recommendation of the Advisory Com- 
mittee on Policies and Projects to concentrate a larger proportion of the 
activity of the Society at the present headquarters. Among the changes 
proposed is that affecting the editorial policy. Ever since the beginning 
there has been an editor who held, by reason of his office, a place on the 
Council. With the suggested change, the editorial work is to be done at 
headquarters, and the position of editor, carrying with it a place on the 
Council, is discontinued. There may be difference of opinion as to the 
wisdom of this change. It is, however, in the direction of concentration 
of administrative service, and from that angle, considering the expected 


‘expansion of publication, the move appears to be sound. With this change, 


J. Stanley-Brown, Editor for the past forty years, steps out of an impor- 
tant post in the service of the Society. No one has ever served it in any 
official position for so long a time—even for half so long. This unique 
distinction belongs to one who deserves more credit and appreciation than 
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is usually accorded for his almost life-long service as Editor, and for his 
remarkably efficient help in other ways. No one has been more influential 
in connection with the preliminaries leading to the present endowment 
and its proper handling than Mr. Stanley-Brown, Editor and Councilor 
of the Geological Society of America for two generations. 

It was the dream of the late Doctor Penrose that the Society should be- 
come a center of activity reaching all branches of geologic science. He 


hoped to support and thereby stabilize a constructive and broad-minded 


interest in the whole field. He repeatedly emphasized his hope for a better 
cooperation of the specializing groups. How he had expected to work this 
out is not clear, but that this was a major object in singling out the Geo- 
logical Society for his benefaction is well known by those who were in his 
confidence. It is evident that it was Doctor Penrose’s hope to work out 
some practical method of cooperation but it had reached no definite form 
or if it had taken form in his own mind it now has been lost. Perhaps we 
shall find a practical solution in due time. For the present, it is clearly 
our duty to consider the needs and responsibilities and problems of the 
Geological Society, avoiding for the time being the overlapping interests 
of special fields and organizations. I am sure that the Council hopes to 
merit general commendation by broad-minded and sound judgment, 
coupled with a generous attitude in all relations. 
Respectfully submitted, 
Cuartes Berkey, 
Secretary. 


TREASURER’S REPORT 


To the Council of the Geological Society of America: 

The Treasurer herewith submits his report on the receipts and disburse- 
ments for the year ending November 30, 1932. The past year represents 
the most active year for the Treasurer since the founding of the So- 
ciety. This arises from the munificent gift to the Society of approxi- 
mately four millions of dollars by the late R. A. F. Penrose, Jr. 

The delivery of cash and securities to the depositary, begun in July, 
1932, was completed prior to the close of the fiscal year with the exception 


of the Society’s proportion of the sum of $500,000, which had been re- 


tained by the Trustees against possible tax claims. On December 1, 1932, 
after the books were closed for the fiscal year ending November 30, 1932, 
the sum of $238,940.48 was received. There now remains to be distributed 
only a half interest in what may be left of $25,000 held by the Executors 
to meet possible taxes and cost of administration. 
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‘Lhe problems regarding the care of such an endowment, the methods 
of conservation, administration, and accounting have introduced many 
new questions of procedure, while the actual number of disbursements has 
increased many times over the experience of former years. In order to 
maintain a distinction between the Penrose Bequest as an endowment 
and the other designated funds of the Society the latter have been segre- 
gated in the accounts. Hereafter it is proposed to carry the Publication 
Fund, Penrose Medal Fund, Penrose Bequest Principal Account, Reserve 
Account, and Income Account separately with transfers of income from 
the various funds to the operating account of the Society for detail dis- 
bursements. 

The changes in accounting to conform with the actions of the Council 
and the recommendations of the Auditors have required a recasting of the 
form previously adopted for the Treasurer’s report. It will now include 
a balance sheet which will show the permanent and current assets and 
liabilities, as well as a statement showing income, expenditures and ap- 
propriations. The list of securities formerly required by the By-laws is 
now presented in summary with a statement of the permanent funds as of 
November 30, 1932. 

The books and accounts of the Society have been examined by Messrs. 
Price, Waterhouse & Co., who have submitted a detailed report. Copies 
of this report are on file both at the headquarters of the Society and at the 
office of the Treasurer in Baltimore, where they are available for examina- 


tion by the membership. 


Exuisir 
BaLaNce SHEET 
November 30, 1932 
ASSETS 
Permanent fund assets: 
Penrose Bequest—Principal Account: 
Investments (Exhibit VI)............... $3 ,630 , 481.95 
2,105.35 
$3,632 , 587.30 
Penrose Bequest—Reserve Account: 
Investments (Exhibit VI)............... 6,416.25 
6,947.06 
Due from current funds................ 1,067.18 
14,430.49 
Publication fund: 
Investments (Exhibit VI)............... 27,476.50 
Due from current funds................. 123.50 
27,600.00 
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Penrose Medal Fund: 


Total Permanent Fund Assets..................... 


Current assets: 


Penrose Bequest—Income Account: 
65,792.50 


Cash in Guaranty Trust Company....... 8,392.70 

Treasurer’s account: 
Cash in Baltimore Trust Company....... 16,553.60 
Cash in Corn Exchange Bank & Trust Co. 127.36 

LIABILITIES 
Permanent funds (see Exhibit IV for details): 

Penrose Endowment Fund.................. $3 ,632 587.30 
14,430.49 
27 .600.00 
5,000.00 


Due from current funds to permanent funds: 
Penrose Bequest Reserve Account............ 1,067.18 


Unexpended balance of appropriation for XVIth International 


Operating fund: 
Balance December 1, 1931.................. 18,346.12 
Less—Excess of expenditures and appro- 
priations over income for the year ending 
November 30, 1932, per Exhibit II..... 13,998.00 
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5,000.00 
$3 ,679 617.79 


105 ,022. 66 
$3 , 784,640.45 


$3,679 617.79 
2,483.86 


1,190.68 
97 ,000.00 


4,348.12 
$3,784 ,640. 45 


Exuisit IT 


STATEMENT OF INCOME, EXPENDITURES, AND APPROPRIATIONS FOR THE YEAR 


Enp1nG NovEMBER 30, 1932 


Income: 
From Penrose Bequest Endowment Fund Assets: 
Received from Executors....... $122 016.17 
Net interest on bonds.......... 18,035.71 
4,921.51 
————— $144,975.39 
From Designated Fund Assets: 
Publication Fund.............. 1,325.00 
Penrose Medal Fund........... 200.00 
1,525.00 
$146,498.39 
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From Operations: 
Interest and dividends on current 
investments and interest on 


bank balances... 925.39 
4,870.00 
i Bulletin sales, Authors’ separates, 
9,382.28 
Expenditures and Appropriations (Exhibit III).................... 169 , 878.67 
Excess of expenditures and appropriations over income for the year 
ending November 30, 1932, carried to Exhibit I.................. $13,998.00 
Exuisir III 
Expenditures: 
Secretary’s Office: 
Salaries: 
$5,500.00 
Assistance to Secretary... .. 3,228.33 
750.00 
Administration: 
Clerical and porter assistance... . 260.00 
Stationery, printing, etc........ 1,326.59 
Postage and express............ 191.30 
Miscellaneous............... 311.22 
2,089.11 
House: 
Alteration and repairs of building. 8,206.95 
Equipment and furniture....... 1,147.78 
Penrose furniture purchased... . . 2,315.62 
House expenses................ 1,441.91 
156.21 
13,268.47 
Cost of Publications: 
7,010.42 
Bulletin expense............... 369.29 
10,667.71 
Treasurer’s Office: 
Salaries of Assistants........... 3,000.00 
3,508.30 
Council and Committees: 
Printing reports, etc............ 1,520.29 
— 4,290.89 


Payment to affiliated Society and Section......... 286. 98 


TREASURER’S REPORT 


Unusual expenses: 
Preparation of History of the 


Presentation copy.............. 10.00 
Shipping of securities........... 399.77 
6,727.43 
Loss on Sale of Current Asset Securities, acquired 
Miscellaneous: 
Purchase of rare volumes....... 307.47 
Penrose Reprints.............. 15.15 
Federal tax on checks. ......... 2.74 
330.36 
$53,065.71 
Appropriations: 
Appropriated for XVI Interna- 
tional Geological Congress. ... $100,000.00 
Transfer for Income Account to 
Penrose Bequest Reserve Fund. 14,497.34 
Valuation of Penrose Furniture 
transferred from Income Ac- 
count to Penrose Endowment 


$116,812.96 


Total expenditures and appropriations carried to Ex- 


... $169,878.67 


Exuisit IV 


STATEMENT OF PERMANENT Funps For YEAR ENDING NoveMBER 80, 1932 


Penrose Bequest—Endowment Fund: 
Received from Executors: 
Securities, at distribution values of May 20, 1932...... 


Add: Distribution received on Alaska Gold Mines 6% 


Balance, November 30, 1932 (Exhibit I).......... 


Penrose Bequest—Reserve Fund: 


Amount transferred from Income representing 10% of the 
income received on the Penrose Endowment Fund Assets. 
Less accrued interest purchased, postage and insurance. 


Balance—November 30, 1932 (Exhibit I)......... 


3,633 ,045. 58 
797. 


14,430.49 


$2 , 893 , 752.57 
2,315.62 
736 ,977.39 


48 


3,632, 248.10 


339.20 


3,632 ,587.30 


14,497.34 
66.85 
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Publication Fund: 


Add—Amounts received from commutations, initiations, 

Balance, November 30, 1932 (Exhibit I).......... 27,600.00 

Exuisit V 


SUMMARY OF ALL INVESTMENTS, NOVEMBER 30, 1932 


Security Book Value Market Value 
U.S. Government Bonds $1,041,856.25 $1,056,801.20 
State & Municipal Bonds 2,179,183.70 2,199,144.20 
Railroad Bonds........ 139,369.50 141,665.00 
Public Utility Bonds. . . 83,652.25 81,980.50 
Industrial Bonds....... 5,865.00 4,390.00 

$3,449,926.70 ———————__ $3 479,765.90 

Preferred Stocks. ...... 26,812.50 27,045.00 
Common Stocks....... 272,584.50 297,382.17 


—— 299,397.00 ——————__ 324,427.17 
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AUDITOR'S CERTIFICATE 
JANUARY 23, 1933. 
Lo the Members of the Council of the Geological Society of America, Inc.: 

In accordance with instructions received, we have made an examina- 
tion of the books and accounts of the Geological Society of America, Inc., 
for the year ending November 30, 1932, and as a result of our examina- 
tion, we have prepared and submitted a report thereon. The figures shown 
in the foregoing Treasurer’s Report are in agreement with those shown in 
the report submitted by us. 

The securities owned by the Society on November 30, 1932, have been 
examined by us with the exception of $7,000 Pottstown, Pennsylvania, 
School District 4 per cent 1943 bonds, which were sent out for redemption 
and in respect of which bank advices were examined. Securities held in 
custody by the Guaranty Trust Company of New York (approximately 
99 per cent based on market values) were examined by us on the morning 
of December 1, 1932, and those held by the Treasurer in Baltimore, Mary- 
land (approximately 1 per cent based on market values), were examined 
on December 5, 1932, it being noted that according to the records of the 
Baltimore Trust Company, the safe deposit box of the Society had not 
been entered between November 30, 1932, and the date of our count. 

The cash in banks as shown on Exhibit I has been reconciled with cer- 
tificates received from the various depositaries. 

A statement showing the changes in the permanent funds during the 
year will be found on Exhibit IV of the Treasurer’s Report. There was 
no change during the year in the Penrose Medal Fund. We have ex- 
amined a copy of the “Schedule of Distribution” on adjudication dated 
May 13, 1932, of the Executors of the Estate of Richard A. F. Penrose, 
Jr., and noted that the assets shown thereon as transferred to the Geologi- 
cal Society of America, Inc., have been received and properly accounted 
for. The total value of the assets received, based on market prices of 
May 20, 1932, amounted to $3,633,045.58, and, in addition, the executors 
transmitted $238,920.48 to the Society on December 1, 1932, which had 
previously been withheld against possible taxes payable. They are still 
withholding $12,500 against possible future liquidating expenses. Neither 
of these two last named amounts has been included in the foregoing ac- 


counts. 
In accordance with a resolution of the Council of the Society under date 


of June 25, 1932, 10 per cent of the income from the Penrose Endow- 
ment Fund is to be set aside as a reserve fund to provide for possible 
shrinkage in the value of the assets held for the Penrose Endowment 
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Fund. For the period ending November 30, 1932, the cash income from 
the Penrose Endowment Fund amounted to $144,973.39, so that a transfer 
has been made from income to the Penrose Bequest Reserve Fund of 
$14,497.34. 

Article VII of the By-laws of the Society reads: “The Publication Fund 
shall consist of donations made in aid of publication, the.sums paid in com- 
mutation of dues, and such other amounts as may be allocated by the 
Council for this purpose.” As of December 1, 1931, the amounts which 
had been placed in the Publication Fund, as furnished to us by the Treas- 
urer of the Society, were as follows: 


Balance, December 1, 1931, as shown on Exhibit IV. .$26,650 


It has been the custom for at least fifteen years to credit sums received 
from initiation fees and the Case Library to the Publication Fund, 
although, we were informed, the Council may not have taken formal 
action to allocate these amounts to this fund. The investments held for 
the account of the Publication Fund were indicated to us by Professor 
Mathews, Treasurer of the Society. 

We have noted that the income from investments during the period 
under review corresponded to the securities owned. The receipts from 
membership dues as recorded in the card files maintained in the Treas- 
urer’s office have been traced to bank statements. We have examined 
brokers’ advices in respect of purchases and sales of securities during the 
period. Vouchers and other supporting data have been examined relative 
to disbursements made during the year ending November 30, 1932. 

We are pleased to report that, in our opinion, the foregoing balance 
sheet and statement of income, expenditures and appropriations set 
forth, respectively, the financial position of the Society as at November 
30, 1932, and the result of operations for the year ending on that date, on 
the cash basis indicated therein. 

Yours very truly, 
Prick, WATERHOUSE & Co. 


FINANCE COMMITTEE'S REPORT 


To the Council of the Geological Society of America, Ine.: 
‘During the past year, the Society has faced a radical change in its finan- 
cial affairs. The custodianship and handling of $4,000,000 of assets calls 
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for the constant and careful consideration essential to wise management. 
This task has been entrusted by the Council to the Finance Committee, 
which was made the official financial advisor of the Council. The Fellow- 
ship certainly is entitled to the fullest information concerning the steward- 
ship of that committee and it is the intention of the latter to print in brief 
form each year in the annual report of the Council what has been accom- 
plished during the previous twelve months. 

As soon as it became known that the Society was the recipient of a large 
legacy it was deluged with letters from “investment service corporations,” 
each urging that it be entrusted with the management of the Society’s 
financial affairs. The expense involved in such service would have been 
approximately $10,000 per annum as a minimum. 

At the annual meeting of the Society held at Tulsa in December, 1931, 
the Council, by appropriate resolution, appointed a temporary Advisory 
Committee on Finance and instructed it as well as the Standing Finance 
Committee to prepare reports, with recommendations, to be presented at 
the special meeting of the Council to be held in April, 1932. In accordance 
with these instructions, both committees presented at that meeting com- 
prehensive reports, that of the latter covering fifty-one pages of text, to- 
gether with 42 pages of statistical and tabular matter prepared by the 
Assistant Treasurer. In this report will be found the story of the Pen- 
rose Bequest as known to us at that date. 

In accordance with the recommendations of both committees, the 
Council decided that it had within its own ranks ample talent t> adminis- 
ter the Penrose Bequest and an effective organization has been developed 
which during the past year of troubled finance throughout the world, has 
coped successfully with the situation to the extent of substantially increas- 
ing both values and income at an annual cost of about $4,000, for services 
ordinarily rendered by financial consultants. 

All the recommendations made by the Finance Committee were formally 
adopted by the Council and they became the bases of the working policy 
of the corporation in respect to its finances. 

Prior to each of the four subsequent meetings of the Council, held in 
NewYork in June, October, November, and in Boston in December, full 
reports were made to it by the committee. It is planned to follow this 
procedure at all future meetings. The report of June 11th contains much 
additional information in regard to the distribution of the Penrose Be- 
quest to the Society and thus supplements the report of April. Official 
copies of all reports of the committee are on file at the Society’s head- 
quarters and are available for the inspection of the Fellowship. Taken as 
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a whole, they cover every step taken in connection with the Bequest. 
The Fellowship should know that, in addition to cash, the Bequest com- 
prises some two hundred different issues of securities. 

Through the appointment by the Council of Miss B. E. Carr as Assistant 
Treasurer, with office accommodations at the Society’s headquarters, the 
Finance Committee has in daily attendance an expert in security values 
and the Treasurer has a representative always on duty. In our opinion 
this method brings into the closest and most effective cooperation the office 
of Treasurer and the duties of the Finance Committee. As the Chairman 
of the Finance Committee is a resident of New York, he is able to give 
constant supervision to this important work and to keep the individual 
members of the Committee fully advised regarding the conduct of affairs. 
The Treasurer is an ex-officio member of the committee. 

In the report of the Treasurer will be found a condensed statement of 
the various classes of securities held, with their distribution prices and 
their market values as of November 30, 1932. It will be noted from this 
statement that since the distribution by the executors the fund shows an 
appreciation in market value of $68,941, and since November 30 there 
has been further substantial increase by reason of advancing prices for 
many of the securities originally held; by certain substitutions of securi- 
ties which have been made, and by the investment from time to time of 
cash received in the Bequest. 

On the recommendation of the Finance Committee, the Council has 
adopted the policy of dividing the funds derived from the Penrose Bequest 
into three major groups—Principal Account, Reserve Account, and an In- 
come Account, to which transfers are made of all interest and dividends 
received from the securities in Principal Account. The policy approved 
by the Council in regard to these accounts is: that for Principal Account, 
only bonds which are a legal investment for savings banks in the states of 
New York or Massachusetts shall be considered for at least 90 per cent of 
the investment ; that for the remaining 10 per cent and also for funds in 
the Reserve Account, which has been created for the protection of prin- 
cipal by setting aside each month 10 per cent of all income received from 
the principal of the Bequest, investment may be made in securities of the 
same general character, which, however, need not necessarily be “legals,” 
and that for Income Account high-grade but active bond issues are to be 
selected which can be converted into cash readily from time to time as 
funds are required by the Treasurer. By this latter method the Society 
is not subjected to loss from uninvested funds, and at the same time its 
cash resources are always available. 
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The Finance Committee believes that during the next few years there 
may be many opportunities for substantial market appreciation in stocks 
and junior lien bonds, but it feels that such investments would not be suit- 
able for a fund where security of income should be the prime considera- 
tion, nor would such a course be in conformity with the investment 
methods employed by Dr. Penrose himself, which were of the most con- 
servative character. In this policy, the Council concurs. 


The Fellowship should be informed as to the method employed for 
watching over and selecting securities. The office of the Finance Commit- 
tee is giving daily attention to such matters as are in any way likely to 
affect investment securities. Under the By-laws, when the Treasurer 
notifies the Finance Committee that funds are available for investment, 
that committee makes a selection of securities for approval by the Council. 
After such approval has been given, the Treasurer is authorized by the 
Finance Committee to make the desired purchase, and when this has 
been accomplished the actual bonds pass into the custody of the Society’s 
depositary, the Guaranty Trust Company of New York. Obviously, it 
would not be possible for the Council to hold a special meeting each 
time approval of certain securities was sought by the Finance Committee 
and in order to meet this situation a small list of carefully selected bonds 
is submitted to the Council at each of its meetings, and during the interim 
the committee is authorized to select for investment any of the issues 
approved. Thus it will be seen that the Council, as provided by the By- 
laws, is in control of the Society’s investment affairs at all times, especi- 
ally as the committee reports in detail to the Council at each of its meet- 
ings. These reports reach the Council’s membership well in advance of 
the meeting, thus giving opportunity for deliberate examination. 


It was inevitable that in the accumulation of such a fortune as that 
left by Dr. Penrose, it should have been governed by his individual needs, 
many of which would not apply to a membership corporation such as our 
Society. Now that these securities are in the custody of the Society, it 
has been deemed advisable by the Council to eliminate stock investments 
so far as may be feasible; to consolidate all investments of small amounts 
and gradually to convert the Fund into blocks of securities of approxi- 
mately $100,000 par value. This policy is being steadily carried forward, 
and by the close of 1933 it is hoped that the task, if not entirely com- 
pleted, will show substantial progress. In this work, while endeavoring to 
obtain as large an annual income as is compatible with the strict limita- 
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tions imposed on the Fund, due regard will be paid to maintaining a 
proper distribution of various classes of securities of the highest possible 


grade. 
J. StanLeY-Brown, Chairman 


DonNEL F. Hewett 
W. E. WrRATHER 
New York, January 24, 1933. Epwarp B. MatHews 


Epiror’s REPORT 


To the Council of the Geological Society of America: 
The following tables cover statistical data for the forty-three volumes 
thus far issued : 


ANALYSIS OF COSTS OF PUBLICATION 


Cost Vols. 1-40 | Vol. 41 | Vol. 42 

Pp. 749 | Pp. 867 Pp. 1053 

pls. 28 | pls. 22 pls. 23 
2,101 .20 $3,871.44 $5,153.74 
469.71 636.28 726.03 
436.15 | 801.80 969.78 
$3,007 .06 $5,309 .52 $6,849 .55 
Average per page.. $4.10 $6.12 $6.50 
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CLASSIFICATION OF SUBJECT MATTER 


| 

Number of pages 

116 137 92 18 83 44 47 60 4 4 593+xii 
56 110 60 111 52 168 47 9 55 1 7 662+xiv 
56 «41 4 32 158 104 om 61 15 1 541+xii 
25 134 38 74 52 882 14 a 47 32 2 458 + xii 
138 135 70) 654 28 51 170 71 14 9 665+xii 
50 111 75 39 = 71 99 6: 25 4 538+x 
38 77 105 58 40 21 123 4 66 28 13 558+x 


34 50 98 5 43 67 58 14 79 S  .. 4464+x 
2 102 188 .. 28 64 166 12 
35. 8 96 37 59 62 68 28 84 27 17 #%534-+x!iii 
65 110 21 10 54 31 188 7 71 60 46 651+xii 
199 39 55 53 24 98 5 8670 2 538+xii 

125 17 3 24 28 116 42 4 165 32 29 583+4xi 

: 1 14 1 6094+xi 

26 124 386 267. Wa 3 6364+x 
19 .. 67 22 15 6386+xiii 
49 16 a2 84 47 304 9 2 785+xiv 

2 56 15 20 617+x 
8 132 749+xiv 
72 234 75 48 85 70 106 1 111 11 £10 823+xvi 
23 54 28 28 23 403 74 1 747+xii 


75 52 126 108 19 145 134 66 382 1 758+xvi 
18 57 57 49 160 106 23 133 38 737+4+xviii 
34 211 54 32 156 9 175 .. 108 9 22 802+xviii 
56 90 148 64 44 6 504+4xxi 


1 59 125 31 146 20 271 2. Ye 739+xvili 
25 27% 70 69 78 200) 55 39) 94 110 14 1005+ xxii 
3 107 62 15 127 #169 64 57 21 679+xix 
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Respectfully submitted, 
JosEePH STANLEY-Brown, Editor. 
The foregoing report is respectfully submitted. 
THE COUNCIL OF 
THE GEOLOGICAL SocreTy OF AMERICA. 
The Secretary stated that copies of the report of the Council having 
just been distributed and since it was not practicable to expect judgment 
immediately, corrections or criticisms could be registered up to the close 
of the Meeting. 
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APPOINTMENT OF TELLERS AND INSPECTORS OF ELECTION 


The Chairman then called attention to two items of special business 
which required action by the members at the meeting, which were: (1) 
proposal to rescind the By-Laws of the Society then in effect, and to 
adopt a proposed new code of By-Laws; and (2) election of Councilors 
and Officers of the Society for the ensuing year. 

The Chairman announced that the regular printed ballots to be used 
in voting at the meeting had not yet arrived, and therefore, the voting 
would take place at the session of the Meeting to be held Thursday 
morning, December 29. 

The Chairman then appointed W. T. Thom, Jr., Frank F. Grout, and 
Thomas H. Clark as Tellers and Inspectors of Election to canvass the 
vote when cast at such session. 

Doctor Thom, Doctor Grout, and Doctor Clark thereupon took and 
subscribed an oath faithfully to perform and carry out their duties as 
Tellers and Inspectors of Election, which oath was ordered to be inserted 
in the minute book of the Society, immediately following the minutes 
of the meeting. 


ELECTION OF REPRESENTATIVE, CORRESPONDENTS, AND FELLOWS 


The vote for Representative on the National Research Council and for 
Correspondents and Fellows had been taken by mail in the usual manner, 
and the result of the canvass of this ballot was read by the Secretary, as 


follows : 
Representative on the National Research Council 


(July 1, 1933, to June 30, 1936): Donald C. Barton, Houston, Texas 


CORRESPONDENTS 


E. B. BatLey, Professor of Geology, University of Glasgow, Glasgow, Scotland. 

A. G. Hécsom, Professor of Geology, University of Uppsala, Uppsala, Sweden. 

JOHN JoLy, Professor of Geology and Mineralogy, Trinity College, University of 
Dublin, Dublin, Ireland. 

A. P. KARPINSKIJ, President, Russian Academy of Sciences, Leningrad, U. 8S. 
S. R. 

LaAvuGE Kocu, State Geologist, Geological Survey of Greenland, c/o The Minera- 
logical Museum, Copenhagen, Denmark. 

Mavrice LuGceon, Professor of General Geology and Stratigraphy, University 
of Lausanne, Lausanne, Switzerland. 

EMMANUEL DE MARTONNE, Professor of Geography, University of Paris, Paris, 


France. 
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FELLOWS 

ALFRED LEONARD ANDERSON, B. S., Ph. D., Assistant Professor of Geology, Uni- 
versity of Idaho, Moscow, Idaho; Assistant Geologist, United States Geo- 
logical Survey. 

FERNAND BLONDEL, Chief Engineer, Department of Mines of France, Paris, 
France. 

Swetr BurBank, B. M. Associate Geologist, United States Geo- 
logical Survey, Washington, D. C. 

Perry Byerty, A. B., M. A., Ph. D., Associate Professor of Seismology, Univer- 
sity of California, Berkeley, California. 

FRANK Morton CARPENTER, A. B., M. S., Se. D., Associate in Entomology, Mu- 
seum of Comparative Zoology, Cambridge, Massachusetts. 

Ernst Cioos, Ph. D., Lecturer in Geology, Johns Hopkins University, Balti- 
more, Maryland. 

G(ustav) ARTHUR Cooper, B. M. 8., Ph. D., Assistant Curator of Inverte- 
brate Paleontology, United States National Museum, Washington, D. C. 

IrA Hiceins Cram, M. A., Division Geologist, Pure Oil Company, Tulsa, Okla- 
homa. 

Fanny CarTeER Epson, B. A., M. A., Micropaleontologist and Stratigrapher, 
Shell Petroleum Corporation, Tulsa, Oklahoma, 

WitiraM F. Fosuae, A. B., Ph. D., Curator, United States National Museum, 
Washington, D. C. 

WILLIAM ARMSTRONG PATTERSON GRAHAM, A. B., M. S., Ph. D., Assistant Pro- 
fessor of Geology, Ohio State University, Columbus, Ohio. 

J(AMES) BrRooKes KnicutT, A. B., M. A., Ph. D., Research Associate in Inverte- 
brate Paleontology, Yale University, New Haven, Connecticut; Assistant 
Geologist, United States Geological Survey. 

ALVIN LEoNARD LuGN, A. B., M. S., Ph. D., Assistant Professor of Geology, 
University of Nebraska, Lincoln, Nebraska. 

PauL MacCuintock, B. 8., Ph. D., Professor of Geology, Princeton University, 
Princeton, New Jersey: Geologist, Illinois State Geological Survey. 
ArTHUR K. Mitter, B. A., M. A., Ph. D., Assistant Professor of Geology, State 

University of Iowa, Iowa City, Iowa. 

THOMAS BRENNAN NOLAN, Ph. B., Ph. D., Associate Geologist, United States 
Geological Survey, Washington, D. C. 

FRELEIGH Fitz Osporne, B. A. Se., M. A.°-Se., Ph. D., Assistant Professor of 
Geology, McGill University, Montreal, Canada. 

JOSEPH THOMAS PARDEE, Geologist, United States Geological Survey, Washing- 
ton, D. C. 

Martin ALFRED Peacock, B. Se., Ph. D., D. Se., A. M., Museum Assistant, 
Harvard University, Cambridge, Massachusetts. 

PavuL HoLianp Price, A. B., M. Se., Ph. D., Assistant Geologist, West Virginia 
Geological Survey; Part-time Instructor in Geology, West Virginia Uni- 
versity, Morgantown, West Virginia. 

CLyDE PoLHEMUS Ross, B. S., M. S., Geologist, United States Geological Sur- 
vey, Washington, D. C. 

Epcar Pau Rorurock, A. B., A. M., Ph. D., State Geologist and Head of 
Department of Geology, University of South Dakota, Vermillion, South 
Dakota. 
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RALPH LESLIE RUTHERFORD, B. Sc., M. Se., Assistant Professor of Geology, 
University of Alberta, Edmonton, Alberta, Canada. 

JoHN THoMAS Stark, B. S., M. S., Ph. D., Associate Professor of Geology, 
Northwestern University, Evanston, Illinois. 

HENRYK BRONISLAW STENZEL, Ph. D., Assistant Professor of Geology, Agricul- 
tural and Mechanical College of Texas, College Station, Texas. 

HENRY CrosBy Stetson, A. M., Assistant Curator of Paleontology, Museum of 
Comparative Zoology, Cambridge, Massachusetts; Research Associate, 
Woods Hole Oceanographic Institution. 

Paris BUELL STOCKDALE, A. B., A. M., Ph. D., Assistant Professor of Geology, 
Ohio State University, Columbus, Ohio. 

Frank M. Swartz, A. B., Ph. D., Associate Professor of Geology, Pennsyl- 
vania State College, State College, Pennsylvania; Associate Geologist, 
Pennsylvania Topographic and Geologic Survey. 

STERLING BootH TALMAGE, B. S., M. S., Ph. D., Professor of Geology and 
Mineralogy, and Head of Department, New Mexico School of Mines, 
Socorro, New Mexico; Geologist, New Mexico State Bureau of Mines and 
Mineral Resources. 

CarL ToLMAN, B. A., M. 8., Ph. D., Assistant Professor of Geology, Washing- 
ton University, St. Louis, Missouri. 

AARON CLEMENT WATERS, B. S., M. S., Ph. D., Assistant Professor of Geology, 
Leland Stanford Junior University, Stanford University, California. 
Rosin Wiis, A. B., M. A., Ph. D., Consulting Geologist, Stanford University, 

California. 


NECROLOGY 


The President announced the deaths of thirteen Fellows and three 
Correspondents of the Society, and brief oral tributes were called for. 
(Memorials will appear in Part 2 of this volume of the Bulletin.) 


GerorGE IrviNG ADAMS. Professor of Geology and Mineralogy at the University 
of Alabama, Tuscaloosa, Alabama. 
Born, August 17, 1870, at Lena, Illinois. 
Elected Fellow of the Society, December, 1902. 
Died, September 8, 1932. (Memorial by E. F. Burchard.) 
TRUMAN HEMINWAY ArprICcH, of Birmingham, Alabama. 
Born, October 17, 1848, at Palmyra, New York. 
Elected Fellow of the Society, May, 1889. 
Died, April 28, 19382. (Memorial by Julia A. Gardner.) 
ALBERT PERRY BrRIGHAM. Professor of Geology at Colgate University, Hamil- 
ton, New York. 
Born, June 12, 1855, at Perry, New York. 
Elected Fellow of the Society, December, 1893. 
Died, March 31, 1932. (Memorial by Arthur Keith.) 
BENJAMIN KENDALL EMersoN. Professor Emeritus of Geology at Amherst 
College, Amherst, Massachusetts. 
Born, December 20, 1843, at Nashua, New Hampshire. 
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O1iginal Fellow of the Society, Councilor (1896), Second Vice-President 
(1897), First Vice-President (1898), President (1899). 
Died, April 7, 1932. (Oral tribute by Charles P. Berkey. Memorial by 
Frederick B. Loomis.) 
ApAM CAPEN GILL. Professor of Mineralogy and Petrography at Cornell Uni- 
versity, Ithaca, New York. 
Born, August 22, 1863, at Chesterville, Maine. 
Elected Fellow of the Society, December, 1888. 
Died, November 8, 1932. (Memorial by G. D. Harris.) 
ULYSSES SHERMAN GRANT. Professor of Geology at Northwestern University, 
Evanston, Illinois. 
Born, February 14, 1867, at Moline, Illinois. 
Elected Fellow of the Society, December, 1890, Councilor (1925-1927). 
Second Vice-President (1929). 
Died, September 21, 1932. (Memorial by IH. Foster Bain.) 
JOHN WALTER GREGORY. Professor of Geology (retired) at the University of 
Glasgow, Glasgow, Scotland. 
Born, January 27, 1864. 
Elected Correspondent of the Society, December, 1930. 
Died, June 6, 1932. (Memorial by Chester R. Longwell.) 
ErasMvus HawortH. Professor of Geology and Mineralogy at the University of 
Kansas, Lawrence, Kansas. 
Born, April 17, 1855, in Warren County, Iowa. 
Original Fellow of the Society. 
Died, November 19, 1982. (Memorial by Raymond C. Moore.) 
Jacosp Director Emeritts of the Carnegie Museum, Pitts- 
burgh, Pennsylvania. 
Born, August 16, 1848, at Bethany, Jamaica, British West Indies. 
Elected Fellow of the Society, December, 1910. 
Died, December 13, 1932. (Memorial by Henry Leighton.) 
Ernest Howe. Consulting Mining Geologist, Litchfield, Connecticut. 
Born, September 28, 1875, at New York, New York. 
Elected Fellow of the Society, December, 1903. 
Died, December 18, 1932. (Memorial by Whitman Cross and C. H. Warren.) 
J CLaupe Jones. Professor of Geology at the University of Nevada, Reno, 
Nevada. 
Born, July 2, 1877, at Merrimac, Wisconsin. 
Elected Fellow of the Society, December, 1927. 
Died, March 2, 19382. (Memorial by G. D. Louderback.) 
Jouan KrAeEr. Professor of Paleontology and Stratigraphy and Director of the 
Paleontology Museum at the University of Oslo, Oslo, Norway. 
Born, 1869, at Drammen, near Oslo, Norway. 
Elected Correspondent of the Society, December, 1925. 
Died, October 31, 1931. (Memorial by P. E. Raymond.) 
Grorce FREDERICK Kunz. Gem Expert and Vice-President of Tiffany & Com- 
pany, New York, New York. 
Born, September 29, 1856, at New York, New York. 
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Original Fellow of the Society. 
Died, June 29, 1932. (Memorial by H. P. Whitlock.) 

SwwnEY Powers. Chief Geologist of the Amerada Petroleum Corporation, 
Tulsa, Oklahoma. 

Born, September 10, 1890, at Troy, New York. 
Elected Fellow of the Society, December, 1920, Councilor (1931-19335). 
Died, November 5, 1932. (Memorial by E. L. DeGolyer.) 

Jouan AvuGust UppeN. Director of the Bureau of Economic Geology and 

Technology, at the University of Texas, Austin, Texas. 
Born, March 19, 1859, at Lekasa, Sweden. 
Elected Fellow of the Society, August, 1897, Second Vice-President (1924). 
Died, January 5, 1932. (Memorial by C. L. Baker.) 

JOHAN HERMAN LIE Voct. Professor of Metallurgy at the University of Oslo, 
Professor of Geology and Mineralogy at the Technical School at 
Trondhjem, Norway. 

Born, October 14, 1858. 
Elected Correspondent of the Society, December, 1925. 
Died, January 3, 1932. (Memorial by F. L. Ransome.) 


ADDRESSES OF WELCOME 


President Daly then presented A. Lawrence Lowell, President of Har- 
vard University, who welcomed the Society, and spoke briefly of the 
desirability of the geologist having a broad educational background. 

Donald H. McLaughlin, President of the Geological Society of Boston, 
was then presented, and addressed the session : 


ADDRESS OF WELCOME; BY DONALD H. MC LAUGHLIN 


Mr. President and members of the Geological Society of America: 

Our geological community has long been looking forward with happy 
anticipation to this opportunity to welcome and entertain the members 
of the Geological Society of America. Boston, in geological as in other 
matters, is inclined to regard itself as an important center, but we must 
admit that our situation near the extreme eastern limit of the country 
is rather far removed from the roads most traveled by geologists. We 
necessarily have to turn west, and as many of us penetrate into the far 
country beyond the Connecticut River each season, we have accumulated 
a large debt of hospitality on which we have few opportunities to make 
payments. Consequently, we are particularly glad to have you with us 
and to return in some small measure the courtesies we have enjoyed at 
your hands. 

I feel, as I am sure my colleagues do, that this meeting of the Society 
will be long remembered. Our science is peculiarly ready for a new stride 
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ahead. Much of our pioneer exploration is over. Valuable accumula- 
tions of data are on hand and ready for interpretation. The physicist, 
the chemist, and the biologist are providing us with new stimulating con- 
cepts and more exact methods of investigation of earth problems. No 
one can doubt the richness of the harvest that is ready for workers who 
have the special skill needed to reap it. And, at this critical and promis- 
ing time, to have financial means for new achievements magnificently 
provided by the Penrose gift seems extraordinary good fortune. With 
such coincidence of opportunities, notable advancement in the geologi- 
cal sciences seems certain, with wise guidance on the part of our leaders, 
and with adequate training and ability in our ranks. 

Geologists in the Boston region are naturally drawn into distinct groups 
centered around the Massachusetts Institute of Technology, Tufts, Har- 
vard, or one of the other nearby institutions of learning. The Geological 
Society of Boston serves to bind these units into a compact community, 
and thus, though a very modest organization itself, it attains a measure 
of dignity from its components which makes it worthy of the privilege 
of standing as host to our visitors. As its president, I take great pleasure 
in welcoming you to Cambridge and in expressing the hope that at this 
meeting foundations will be laid for new and far-reaching results in our 
field. 

PRESENTATION OF SCIENTIFIC PAPERS 


The scientific program was then begun with the following papers: 


N. H. Darton: Geological map of Texas. (Abstract, page 82.) 

I. O. ULtricu : Simpson Group of Oklahoma. (Abstract, page 105.) 

FRANK D. ApAms: Further note on the earliest use of the word Geology. (Ab- 
stract, page 67.) 

Water H. BucHer: Geologic problems of the Beartooth-Bighorn Region; 
Part I, Structural problems. (Abstract, page 75.) 

W. T. Tuom, Jr.: Geologic problems of the Beartooth-Bighorn Region; Part II, 
General chronologic problems. (Abstract, page 76.) 

RoLtin T. CHAMBERLIN: Geologic proWems of the Beartooth-Bighorn Region; 
Part III, Problems of basement structure. (Abstract, page 76.) 


The session then adjourned to 2 p. m. 


SEssION OF WEDNESDAY AFTERNOON, DECEMBER 28 


The afternoon session, devoted to physiographic papers, was opened at 
2 p. m. in the Harvard Union, with Vice-President Nevin M. Fenneman 
in the Chair, and George B. Barbour acting as Secretary. The Chairman 
announced that a quorum was present in person or represented by proxy. 
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PRESENTATION OF SCIENTIFIC PAPERS 


Ira S. Atxison: Revision of the Spokane Flood. (Abstract, page 68.) Read 
in abstract from the manuscript by Frederick K. Morris, in the absence 
of the author. 

O. D. Von ENGELN: R6le of proglacial waterfalls in the valley development 
of central New York. (Abstract, page 106.) 

G. A. Rupe: Hydrographic data and their evaluation. (Abstract, page 97.) 

Dovucias JOHNSON: Origin of the Blue Ridge escarpment. (Abstract, page 87.) 
Discussed by George W. Stose and N. H. Darton. 

WALLACE W. Atwoop: Lake Atitdan. (Abstract, page 70.) Read by title in 
the absence of the author. 

RUSSELL S. KNAPPEN: Aniakchak and Veniaminof volcanoes, Alaska. (Ab- 
stract, page 90.) Discussed by Wallace W. Atwood, Jr. 

Joun L. Ricnu: Notes on the physiography of Cumberland Gap. (Abstract, 
page 96.) 

F, A. MELTON and WILLIAM Scuriever: Meteorite scars in the Carolinas. 
(Abstract, page 94.) Presented extemporaneously by M. King Hubbert in 
the absence of the authors. Discussed by John L. Rich and Charles Wil- 
son Brown. 

GEORGE B. Barbour: Terraces of the Yellow River, China. (Abstract, page 

A. H. KoscHMANN and G. F. LouGuHuin: Dissected pediments in the Magdalena 
district, New Mexico. (Abstract, page 91.) Presented by Mr. Koschmann 
and discussed by Douglas Johnson. 

W. M. Davis: Work of sheetfloods. (Abstract, page 88.) Read by title. 

Marius R, CAMPBELL: Chambersburg (Harrisburg) Peneplain in the Piedmont 
of Maryland and Pennsylvania. (Abstract, page 77.) Read by title. 

F. P. SHEPARD, J. R. TREFETHEN, and G. V. CoHEE: Origin of Georges Bank. 
(Abstract, page 100.) Read by title. 

CLYDE MAx BAUER: Geology of the central and southern parts of the Wind 
River Basin. (Abstract, page 71.) Read by title. 

Howakrp A, MEYERHOFF and EZABETH W. OLMSTED: T'riassic influences of Appa- 
lachian drainage. (Abstract, page 94.) Read by title. 

RICHARD JOEL RUSSELL: Alpine land forms of the western United States. (Ab- 
stract, page 98.) Read by title. 

WILLIAM E. Powers: LEztinct Lake San Augustin, New Mevrico. (Abstract, 
page 96.) Read by title. 


The session then adjourned to 10 o’clock the next morning. 


MEETINGS OF WEDNESDAY EVENING, DECEMBER 28 


Through the courtesy of the Massachusetts Institute of Technology, the 
Society and its affiliated societies and invited guests partook of a cafeteria 
supper in Walker Memorial Hall, beginning at 6:30 p. m., Wednesday, 
December 28. 

Promptly at 8 p. m., President Daly called the meeting to order in the 
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same hall. Before beginning his presidential address, he introduced 
Waldemar Lindgren, head of the Department of Geology at the Massachu- 
setts Institute of Technology, who gave a formal welcome. 

President Daly then briefly described the great debt owed by the Society 
to the Editor, the Treasurer, and the Secretary for their many years of 
efficient and self-sacrificing service. He declared that these men had made 
history for the Society and it seemed appropriate that each should be 
given an inscribed copy of the new Fairchild history of the Society, as a 
visible sign of this deep appreciation. He assigned the presentation to 
three Fellows who have especially full acquaintance with the high quality 
and imposing quantity of work done by the Editor, the Treasurer, and 
the Secretary. These addresses, together with the replies, follow: 


PRESENTATION TO JOSEPIL STANLEY-BROWN ; BY CILARLES P. BERKEY 
Fellows and Friends of the Geological Society: 

We have reached a revolutionary period in the development of the 
Geological Society, and, as a consequence, many changes are being made. 
One of the most revolutionary changes !s that affecting our editorial policy. 
In the whole history of the Society there have been only two editors, with 
no change at all in the past 40 years. Under such circumstances, it is 
not surprising that a majority of the members now living never knew 
any Editor other than Joseph Stanley-Brown. The first Editor is now 
only a name—but for all that a great name, for W J McGee was one of 
the giants of the early days. He edited the first three volumes of the 
Bulletin, setting the pace for both service and form, and his system has 
been continued with singular consistency through all the years since that 
time. 

But W J McGee was heavily loaded with other duties and soon began 
to look about for an understudy and successor. In his need he turned 
to a young man whose development he had had opportunity to watch for 
several years, and who had gained his complete confidence. Young Stan- 
ley-Brown seemed to him to be suitably trained to the purpose. Further- 
more, he had one eminently essential qualification—already he had learned 
to work as hard and as conscientiously without remuneration as if he had 
been paid for it. 

Thus it came about that Joseph Stanley-Brown came into the Geological 
Society picture. He had been secretary to John Wesley Powell through 
the period when that master builder was making plans that led to the 
organization of the United States Geological Survey, and with him had 
gained an experience difficult to duplicate anywhere or any other time. 
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Major Powell had a genius for planning. He made it convenient to be on 
intimate terms with influential Congressmen, among whom was the repre- 
sentative from Ohio, James A. Garfield, one of the most powerful figures 
in Congress, later to become President of the United States. In those 
days apparently even Congressmen were not generously supplied with 
clerical service, and Garfield was glad to have the efficient help of Powell’s 
secretary. An arrangement was made by which Stanley-Brown assumed 
some of these responsibilities also and cared for the Congressman’s corre- 
spondence after hours, nights, and Sundays. When Garfield became 
President, he was given the post of Private Secretary, a position which 
he held until the President’s death. 

That tragic event led to many changes. Stanley-Brown returned to 
Major Powell and the United States Geological Survey and later to Yale 
where he spent three more years in the Sheffield Scientific School, follow- 
ing his major interests in geologic and other scientific lines. He had 
previously earned a degree from Yale, and had had a year under Rosen- 
busch. Now, after fitting himself, as he then thought, for a scientific 
career, he returned to the Survey in Washington. 

In the meantime, the Geological Society of America had been or- 
ganized; its Bulletin had been established, and the Editor was looking 
for asuccessor. It was under such circumstances that Mr. Stanley-Brown 
was inducted into an office in which he has served the Society for the 
past 40 years. 

The necessity of making a living brought yet other revolutionary changes 
of plan and soon led to a business experience, covering the same long 
period of time, which now places him in line for another and quite as 
valuable a service to the organization. When it became known that the 
Society would come into heavy financial responsibilities arising from the 
Penrose Bequest, and when search was made for someone in the ranks 
of the Society whose training had fitted him for this particular service, 
Stanley-Brown was again drafted. 

For several years he had been Chairman of the Finance Committee. 
In that relation, he had been in close touch with the late Doctor Penrose 
and knew about some of his special desires and plans. Since the Pen- 
rose Bequest became a reality, he has given lavishly of his time and energy 
to this work. His comprehensive study of the financial problem of the 
Society has been distributed to the members. The plan of operation 
suggested has been adopted by the Council, and the machinery for the 
safe handling of the funds is now firmly established. 
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Tonight, as the Editorship passes, I should feel more sad than I do 
were it not for the fact that Stanley-Brown continues as Chairman of 
the Finance Committee, and is still available for advice on the Council 
and still keeps in touch with his former field of service. 

I do not wonder that many of the Fellows do not know him well. It 
took me years. But he is worth knowing, and he has given devoted service 
to this Society which he loves as only an “old-timer” can. The Editor- 
ship of the Bulletin has kept alive his early interest in geology, the field 
he intended to follow had not the wheels of fortune turned him to other 
adventure. 

Mr. Stanley-Brown: I am glad to have the privilege of presenting to 
you this bound copy of the history of the Society, which is inscribed as 
follows: 

“This book is presented by The Geological Society of America to Joseph 


Stanley-Brown, Editor during the past forty years, in grateful appreciation of 
his services, and in commemoration of his service to the Society.” 


Please do not consider this as payment for your services. Neither is 
ita simple gift. It is much more—it is a symbol of appreciation of your 
long years of devoted service to the Geological Society of America. 


RESPONSE BY MR. STANLEY-BROWN 


Doctor Berkey, Mr. President, Members of the Society, and Guests of the 
evening: 

This is the most expensive volume that will ever grace my library, and 
the most precious. 

Of course, it would be the merest affectation for anyone to pretend that 
such a wholly unexpected but entirely delightful episode as this does not 
awaken the liveliest feelings of elation and gratitude. This emblematic 
gift is especially appreciated because the Society really owes its departing 
Editor nothing. The congenial task of the past 40 years was carried on 
because he wanted to do it as a labor of love and as an expression of his 
respect and affection for the Society. It might be added that he will feel, 
for a time at least, somewhat as does the mother who no longer finds 
troublesome little children at her knees, for whether in the capitals of 
Europe, on the fur seal islands of Bering Sea, in the high Andes of the 
land of the Incas, in Mexico or on trains or ships at sea there has never 
been a time when his satchel was without a geological manuscript or print- 
er’s proof. Incidentally, a manuscript has never been lost. 

Now that the Society has permanent headquarters, adequately staffed 
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and paid, this work can be carried on with greater efficiency and in a man- 
ner likely to meet more satisfactorily the demands of an enlarged and 
more ambitious scheme of publication. 

It has been my good fortune to watch, and, in some cases, to be asso- 
ciated in slight degree with, the careers of some unusual men. I recall 
my boyish enthusiasm for the great Pasteur’s researches among “the in- 
finitesimally small,” whose brilliant discoveries were aided enormously 
by the development, years before, of the microscope by that Dutch genius, 
Anton van Leeuwenhoek, who used it to study the “little an‘mals,” as he 
called the minute inhabitants of water; but I did not know that later I 
was to see the application of that instrument to the important field, 
geologically speaking, of petrology. 

It is an interesting experience to have seen many students of the United 
States eagerly seeking Rosenbusch at Heidelberg and Michel-Levy at 
Paris to perfect themselves in petrography, and then to be able to note 
that after about 1890 it was not necessary for an American student to go 
abroad for instruction in any branch of “earth science.” It was about 
this time that the geologists of the United States began applying the 
principle of mass production to geological research, and there was poured 
out a great torrent of geological literature, not equalled by that of any 
other nation. 

When I remind you that I acted in a secretarial capacity to that or- 
ganizing genius, John Wesley Powell (everyone called him affectionately 
“the Major’’), when he created, single handed, the United States Geologi- 
cal Survey in 1879, the Bureau of Ethnology prior thereto, and blazed the 
way for the Reclamation Service, you will appreciate what a wonderful 
experience it has been to one who is constructionally minded to have had 
the chance to follow intimately from its very incipiency the career of such 
an organization as the Geological Society. Advancing years certainly 
have their compensation, for there comes a time when we can sit on the 
sidelines and observe passing events with calmness and correct evaluation, 
never seeing the things which provoke emotion or discontent on the part 
of younger and perhaps less mature minds. 

Naturally, I hail with much satisfaction this opportunity to express 
my appreciation for having been permitted to participate so long in the 
Society’s affairs, and to have contributed, even so little, to the progress 
of geologic science in this country. For this work, no matter what its 
value, the Society has done me great honor. It is greatly honoring me 
also in another field which is causing me some wakeful hours. During 
the period of my Editorship I have been also a member of the Council. 


{ 
i 
| 
j 
if 
ij 
if 
i} 
if 
| 


40) PROCEEDINGS OF THE CAMBRIDGE MEETING 


and it would seem that now I had earned the unheard of title of “Councilor 
Emeritus,” but as I had, among other vagaries in my career, spent a quar- 
ter of a century in Wall Street, I have been made, as Doctor Berkey has 
told you, Chairman of the Finance Committee. Ordinarily, this would 
mean nothing of moment, but we are no longer just a Society; we are a 
corporate body, a corporation acting under the laws of the State of New 
York, and there are four millions of dollars to be cared for, which is a 
matter for serious thought in these days of hectic politics and grave de- 
pression. The honor of this trust I treasure even more than anything 
connected with the office of Editor. I am glad of those years of effort 
and strain in “the Street” for it enables me still to serve the Society. 

In closing, may I take the liberty of leaving with you what might be 
construed as offensive, admonishing words, but I feel them deeply, and 
I ask that you let me say them to you very seriously and very earnestly. 

The Geological Society of America was founded nearly half a century 
ago on two fundamental principles of sound organization—devotion and 
loyalty. Recently there has been thrown in our pathway that which 
might easily become what Greek mythology calls “the golden apple of 
discord.” Let no member, young or old, forget the foundation on which 
the Society rests. It will, indeed, be a bitter thing, dishonoring the name 
of one who honored the Society unreservedly, if the cheque book is sub- 
stituted in the slightest degree for love of and ambition for our Society. 

May I again thank you for this beautiful book, prepared with loving 
care by one of our most cherished members, and for the expression of your 
kindly feelings toward the recipient. 


PRESENTATION TO EDWARD B. MATHEWS; BY ALFRED C. LANE 


Professor Mathews will please march to the front and center. 

It is a personal pleasure to have a part in a presentation so proper to 
the place and to the person. You have been re-elected by the Society 
year after year as Treasurer and have faithfully guarded and increased 
our funds. You have been, what the English would call an honorary 
secretary, serving without salary. We are fortunate in having had as 
officials real geologists and not mere officials. You have been head of 
geology in one of our great educational institutions and of one of our 
oldest States. 

Professor Mathews has been interested in genealogy as well as geology, 
and between New England geology and genealogy there is but a slight 
difference. In fact, genealogy as it is the first chapter in the New Testa- 
ment, so it is the last chapter in the billion-year story of evolution. It 
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is, therefore, fitting that his service should be remembered in this place, 
in Boston the capital of New England and of genealogy. I have said 
he is a genealogist. He has shown me his genealogy straight back to the 
god, Odin. I myself am a cousin (so this is a family matter)—not on 
the Odin side, I think, but on the Cro-Magnon side. 

Now that the Society is rich, quite possibly, there will be a call for 
another, a professional Treasurer. But I knew Doctor Penrose probably 
before any of you in this room, and I am glad of the chance to tell you 
that if the Society had not had the sense to choose and reelect such off- 
cers as Professor Mathews, Doctor Berkey, and Mr. Stanley-Brown, it 
never would have received Doctor Penrose’s money. 

Therefore, our presentation is like those contributions in church when 
we give to the Lord what we have received of Him, or when the lord of 
a Scotch manor sends one salmon to the king from whom he received 
the right of fishing for all the fishes in the river. 

Nevertheless, it is well that we should show our gratitude, and it is 
fitting that it should be shown by giving a book, for you are the bibliog- 
rapher of bibliographers, so I take the keener pleasure in presenting this 
history of the Society in which you have had such a part. 


RESPONSE BY PROFESSOR MATHEWS 


I think it is needless for me to say that I appreciate highly this token 
of recognition, and that it comes to me as a surprise. Usually such recog- 
nition comes to others while the Treasurer works in the background in a 
position which is likely to make friends less friendly. Fellows, naturally, 
do not enjoy reveiving bills and notices of delinquency. One of my 
friends felt a personal insult when informed that his check had not been 
accepted at face value by the bank. 

To receive evidence of good will from the hands of my. fellow geneal- 
ogist adds to its value and is an appropriate channel for the recognition of 
the Treasurer, since he is one of the two survivors of the optimistic 22 
who, about 1890, paid their dues for life to establish a permanent endow- 
ment for the Society’s publications, thereby increasing the responsibilities 
of that officer. The aim set in 1889 was to raise a fund of $10,000, and 
when I. C. White retired in 1906 he felt “no small degree of satisfaction” 
that he could turn over to his successor the full amount asked for 15 years 
before. 

The next Treasurer, William Bullock Clark, enjoyed the realization of 
his ambitious hope to make the endowment $20,000. When the present 
incumbent took over the treasurership, he hoped that the Endowment 
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Fund might grow to $50,000, and this sum was nearly reached when all 
the efforts of the past were totally eclipsed by the munificent Penrose 
Bequest, whose annual income will be more than three times the total 
endowment accumulated during 45 years. 

Successful geological research requires a happy combination of efficient 
geologists, who can and want to conduct the study, and the funds re- 
quired to meet the necessary expenses. The fellowship of the Society can 
supply the efficient geologists, and the Treasurer has the privilege of 
participating by so caring for the funds of the Society that it may be able 
to assist by meeting some of the necessary expenses. 

President Daly and Professor Lane, let me thank you for this beauti- 
fully bound and inscribed history of the Society by Professor Fairchild, 
who years ago asked me to become a Fellow of the Geological Society of 
America. 


PRESENTATION TO CHARLES P. BERKEY; BY W. B. SCOTT 


Mr. President, Ladies, and Gentlemen: 

Until this moment I did not know that I was to be called upon for 
the duty of making this presentation. Nevertheless, I am glad that the 
duty has devolved upon me, for it gives me an opportunity to pay a 
public tribute to the very great merits of our Secretary. Not only is 
Doctor Berkey my friend, not only am I under great obligations to him 
for assistance in my own work, but chiefly because of his admirable serv- 
ices to the Society is it a most agreeable task to hand him this beautifully 
bound copy of Professor Fairchild’s history of the Society. 

In any organization, the Secretary is almost always the driving force 
and the balance wheel (strange mechanical combination as that seems). 
To change the figure, he pulls the laboring oar, and does much the 
greater part of the work. When, in 1846, Professor Henry was called to 
Washington to organize the Smithsonian, he made the secretary the 
principal executive officer. It is the same with our Society. While recog- 
nizing to the full the devoted services of the other permanent officers and 
councilors, it is to the Secretary that the Society must chiefly attribute 
its present flourishing condition. 

With peculiar pleasure, therefore, I give this testimonial bi our be- 
loved Doctor Berkey. 


RESPONSE BY DOCTOR BERKEY 


I have already taken as much time as one person should be allowed to 
have, and besides, there is only one thing that needs to be said. I greatly 
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appreciate this recognition, and want to thank the members of the Society 
for their continued confidence. 


PRESIDENTIAL ADDRESS ; BY REGINALD A. DALY 


The address of the retiring President, Reginald A. Daly, entitled, “The 
Depths of the Earth,” was then delivered. This address will be published 
in full in Part 2 of this volume of the Bulletin. 


ANNUAL SMOKER 


At the conclusion of the presidential address, the members of the So- 
ciety and of the affiliated societies and their guests participated in the 
complimentary smoker, given in the same hall by the Local Committee. 
There was a large attendance, over 500 being present. 


SEssion oF THursDAY MorniING, DECEMBER 29 
SPECIAL BUSINESS SESSION 


The Thursday morning session convened at the Harvard Union at 10 
a. m., President Daly in the Chair. Secretary Berkey acted as secretary. 
The Chairman announced that a quorum was present in person or 
represented by proxy. 


VOTE ON THE ADOPTION OF NEW BY-LAWS 


CHAIRMAN Daty: I invite a motion for the rescission of the old By- 
Laws and the adoption of the proposed new By-Laws, which have been 
duly circulated in accord with the requirements of the By-Laws still-in 
force. 

N. H. Darton: Mr. President, I move the following resolution: Re- 
solved, that the existing By-Laws of the Society be and the same hereby 
are rescinded; and further Resolved, that the proposed Code of By-Laws, 
dated November 5, 1932, and presented to this meeting, copies of which 
were mailed to all Fellows of the Society, be and the same hereby is 
adopted as and for the By-Laws of the Society. 

W. H. Twennore.: Mr. Chairman, I second the motion. 

Chairman Daly then called for discussion, pointing out that the new 
By-Laws contained provision for amendment in no more difficult manner 
than usual. He assured the members present that suggestions made at 
this time or later would be given full consideration by the Council. 
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Edward Sampson expressed the opinion that the new provision for nomi- 
nating candidates for office made it more difficult to make opposition 
nominations than seemed desirable. No further discussion on this point 
occurred. 

CrairMan: Is there any further discussion ? 

W. B. Scorr: I think it is unfortunate that the Society should be in- 
corporated in the State of New York. I believe that Washington is the 
place for the headquarters of such an organization. Therefore, I give 
notice that at some future time I shall move that the Society be reincor- 
porated in the District of Columbia. 

The Secretary pointed out that the Certificate of Incorporation was 
not being presented for action at this time, that it had been adopted 
some years ago, and it had been printed and distributed with the By- 
Laws at this time simply for more complete information, and for con- 
venience of reference to the whole organic law of the Society. 

A printed form had been distributed by mail at the direction of the 
Council to the Fellows for the convenience of those who could not attend 
in person and desired to vote by proxy. Announcement was made that 
Fellows present who had previously executed proxies could revoke their 
proxies, if they so desired, and now vote in person. 

There being no further discussion, ballots were distributed and col- 
lected by the Tellers and Inspectors of Election, who then retired to 
canvass the vote. 


ADDRESS OF THE RETIRING PRESIDENT OF THE PALEONTOLOGICAL SOCIETY 

At this point, Vice-President R. S. Bassler, retiring President of the 
Paleontological Society, presented his address, entitled “Development of 
Invertebrate Paleontology in America.” This address will be published 
in full in Part 2 of this volume of the Bulletin. . 


PRESENTATION OF SCIENTIFIC PAPERS 


Reupo_r RvEDEMANN: Paleozoic planktonic fauna. (Abstract, page 97.) 


BUSINESS SESSION (CONTINUED) 


NEW BY-LAWS ADOPTED 


At this point, the Tellers and Inspectors of Election returned and 
presented their written report. The Chairman announced that the report 
of the Tellers and Inspectors of Election stated that the result of the 
balloting upon the resolutions for the rescission of the old By-Laws and 
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the adoption of the new Code of By-Laws was as follows: Votes for the 
Resolutions, 352 ; Votes against the Resolutions, 2. 

The report of the Tellers and Inspectors of Election was ordered to 
be inserted in the minute book of the Society immediately following 
their oath. 

The Chairman thereupon announced that the new By-Laws had been 
duly adopted and were now in effect. (The Certificate of Incorporation 
and the new Code of By-Laws appear at page 109.) 


ELECTION OF COUNCILORS AND OFFICERS 


The Chairman then announced that the next business would be the 
election of Councilors and Officers, and that the regular ticket, provided 
for in Section 4 of Article III of the new By-Laws, had been mailed to 
the Fellows at least ten days before the Annual Meeting. 

Barnum Brown: I desire to place in nomination the regular ticket 
which has been approved by the Council. I, therefore, nominate the fol- 
lowing Councilors and Officers for election at this Annual Meeting of the 
Society : 

For Councilor and President (1933): C. K. Leiru. 

For Councilor and Vice-President (1933): E. S. Moore. 

For Councilor and Vice-President (1933) : Rotuin T. CHAMBERLIN, 

For Councilor and Vice-President (1933): E. M. K1InpLe. 

For Councilor and Vice-President (1933) : H. P. Wurriock. 

For Councilor and Secretary (1933) : CHARLES P. BERKEY. 

For Councilor and Treasurer (1933): Epwarp B, Matiews. 

For Councilor (1933): ANprew C. LAwson,. 

For Councilor (1933) : A. Dary. 

For Councilor (1933): Russett 8S. KNappen (to serve for the unez- 

pired term of Sidney Powers, deceased). 

For Councilor (1933-1934) : Joseru T. SINGEWALD, JR. 

For Councilor (1933-1935) : Frank F, Grovt. 

For Councilor (1933-1935) : W. O. HorcnKtss, 

For Councilor (1933-1935) : JosepH STANLEY-BRown. 

The nominations were seconded by David White. 

The Chairman called for other nominations, and there being none, the 
Chairman directed the Tellers and Inspectors of Election to distribute 
and collect the ballots for the election of Councilors and Officers. The 
Tellers and Inspectors of Election distributed and collected the ballots, 
and withdrew to convass the vote. 

At this point, the Chairman recognized W. H. Twenhofel. 
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REPORT OF COMMITTEE ON STRATIGRAPHIC PRACTICE, PRINCIPLES, AND 
NOMENCLATURE 


Proressorn TWENHOFEL: I have a resolution to present. Some three 
years ago this Society appointed a committee to confer with correspond- 
ing committees of the Association of State Geologists, the United States 
Geological Survey, and the Geological Survey of Canada, to prepare a 
code dealing with stratigraphic practice, principles, and nomenclature. 
This committee spent three years on the problem, and finally rendered 
its report in the document I now present. I move that this report be 
published by the Society in the Proceedings, and that arrangement be 
made for enough separates so that they may be sold at a nominal price to 
students and those interested. 

This motion was seconded and carried. (This report will appear in 
Part 2 of this volume of the Bulletin.) 


PRESENTATION OF SCIENTIFIC PAPERS 
The scientific program was then continued. 


RALPH W. CHANEY: Further evidence regarding the age of the auriferous 


gravels. (Abstract, page 78.) 
GEORGE HALLott CHaAaDWicK: Hamilton Catskill. (Abstract, page 77. Read 


by title in the absence of the author. 
Lewis G. WESTGATE and RIcHIRD P. FiscHeR: Bone-beds and crinoidal sands 
of the Delaware limestone of central Ohio. (Abstract, page 108.) Pre- 


sented by Mr. Fischer. 
RaAyMonp C. Moore: Stratigraphic classification of Pennsylvanian and Permian 
beds in the Mid-Continent region. (Abstract, page 95.) 


ADDRESS OF THE RETIRING PRESIDENT OF THE MINERALOGICAL SOCIETY 


At this point, Vice-President Alexander N. Winchell, retiring Presi- 
dent of the Mineralogical Society of America, presented his address, en- 
titled “The New Mineralogy.” This paper will be published in the 
American Mineralogist. 


PRESENTATION OF SCIENTIFIC PAPERS 


FRANK F. Grout: Contact metamorphism of the slates of Minnesota by granite 
and by gabbro magmas. (Abstract, page 86.) 


BUSINESS SESSION (CONTINUED) 


At this point, the Tellers and Inspectors of Election returned and pre- 
sented their written report. The Chairman then announced that the 
Tellers and Inspectors of Election reported the election of all the persons 
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nominated on the regular ticket, and further announced that the candi- 
dates were unanimously elected, three candidates receiving 350 votes 
each and all other candidates receiving 351 votes each. 

The report of the Tellers and Inspectors of Election was ordered to 
be inserted in the minute book of the Society immediately following the 
certificate as to the adoption of the new By-Laws. 

The Chairman then stated that Section 3 of Article III of the new By- 
Laws provides that the terms of office of Councilors and Officers elected 
at the Annual Meeting shall commence at the adjournment of the Meet- 
ing, and that in order to enable the 1933 Council to hold its first session 
on Thursday afternoon before some of the new Councilors would be 
obliged to leave, it was desirable that the Annual Meeting for the trans- 
action of business be formally adjourned at 4 p. m., Thursday, December 
29, and ruled that if there were no objection the Annual Meeting would be 
formally adjourned at that time. There being no objection, the Chairman 
announced that the Annual Meeting would be formally adjourned at the 
time stated but that meetings for the presentation of scientific papers 
would be held in the morning and afternoon of Friday, December 30, 
at the Harvard Union. 

The session was then adjourned to 2 p. m. 


Session OF THURSDAY AFTERNOON, DECEMBER 29 


The session was opened at 2 p. m. in the Harvard Union, with Past 
President Alfred C. Lane in the Chair, and George B. Barbour acting as 
secretary. The Chairman announced that a quorum was present in per- 
son or represented by proxy. 

Chairman Lane invited to the platform Herman L. Fairchild, Past 
President and Past Secretary of the Society, the last living member of 
the group which organized the Society at Cornell University, Ithaca, 
New York, December, 1888. After a brief greeting, recalling the names 
of some famous men of earlier days, the program continued. 


PRESENTATION OF SCIENTIFIC PAPERS 


Irvine B. CrosBy and RicHArp J. LOUGEE: Glacial marginal shores and the 
marine limit in Massachusetts. (Abstract, page 82.) Presented by Mr. 
Lougee. 

Tuomas C, Brown: Glacial lakes and ice movements in Millers River valley, 
Massachusetts. (Abstract, page 74.) 

Epwarp H. PERKINS: Dissipation of the Wisconsin Glacier in Maine. (Ab- 
stract, page 95.) Discussed by Charles W. Brown. 
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At this point, Chairman Lane left the platform and William H. Hobbs 
took the Chair. 
The program continued : 


Ricuarp Late-Pleistocene sequence in the Connecticut Valley. (Ab- 
stract. page 85.) Discussed by Douglas Johnson. 

GerorGE F. Kay and T. MILter: Pleistocene gravels of Iowa. (Abstract, 
page 8S.) Read by title in the absence of the authors. 

ARTHUR KEITH: Orogeny of Maine granites. (Abstract, page 89.) 

CHESTER R. LONGWELL: Thrust faults of peculiar type. (Abstract, page 93.) 


FORMAL CLOSING OF 1932 BUSINESS SESSIONS 


At this point, it being 4 p. m., it was noted that there having been 
no objections or criticisms of the formal report of the Council as pre- 
sented at the opening session, that report was approved with the usual 
privilege of editorial revision. The Chairman then announced that in 
accordance with the ruling adopted at the morning session, the 1932 
Annual Meeting for the transaction of business would now be adjourned. 
There being no objection, the Chairman announced that the Meeting 
was adjourned. 


PRESENTATION OF SCIENTIFIC PAPERS 


The Chairman then announced that the presentation of papers would 
continue, and that sessions for the presentation of scientific papers would 
be held at the Harvard Union, the morning and afternoon of the follow- 
ing day, Friday, December 30. 


W. D. Jounston, JR., and Ernst CLoos: Structural history of the fracture 
systems at Grass Valley, California, (Abstract, page 88.) Presented by 
Mr. Johnston. 

CHARLES H. CLapp: Structure of the Rocky Mountains of northwestern Mon- 
tana. (Abstract. page 78.) Read by title in the absence of the author. 
BARNUM Brown: Stratigraphy and fauna of the Fuson-Cloverly formation in 
Montana, Wyoming, and South Dakota, (Abstract, page 74.) Discussed 

by Arthur Bevan. 

T. H. Crark: Structure and stratigraphy of the Appalachians of southern 
Quebec. (Abstract, page 79.) 

STEPHEN TABER: Sierra Maestra of Cuba; part of the northern rim of the 
Bartlett Trough. (Abstract, page 101.) Read by title. 

CHARLES KEYES: Desert mountains of erosion. (Abstract, page 89.) Read 
by title. 


. . 


ANNUAL DINNER 49 


Ernst CLoos: Sierra Nevada batholiths and the mother lode. (Abstract, page 
72.) Read by title. 

WALLACE W. ATwoop: /s there tillite in the Triassic of Massachusetts? (Ab- 
stract, page 70.) Read by title. 

MARGARET FULLER Boos and C. MAYNARD Boos: Granites of the Front Range; 
the Longs Peak-Saint Vrain batholith. (Abstract, page 72.) Read by 


title. 
MARGARET FULLER Boos and C. MAyNArRpD Boos: “Iron Dike.’ (Abstract, page 


73.) Read by title. 
IrvING B. Crosspy: Glacial and Recent history of the Black River valley, Ver- 


mont. (Abstract, page 81.) Read by title. 
IrvinG B. Crosspy: Relation of the drumlins to the glacial clay of the Boston 


Basin. (Abstract, page 81.) Read by title. 
WALLACE W. ATWOOD, JR.: Glaciation of the Park Range, Colorado. (Abstract, 


page 70.) Read by title. 

LINCOLN DRYDEN: Structure of the Tertiary formations of Maryland. (Ab- 
stract, page 88.) Read by title. 

A. J. Farptey: Structure and physiography of the southern Wasatch Moun- 
tains, Utah. (Abstract, page 83.) Read by title. 

A. N. TcHurakov: Traces of Proterozoic glaciation in the southern part of 
central Siberia. (Abstract, page 102.) Read by title. 

A. N. TcHvurakov: Stratigraphy and tectonics of the Proterozoic formations 
in the southern part of central Siberia. (Abstract, page 102.) Read by 
title. 


The session then adjourned to 10 o’clock the next morning. 


ANNUAL DINNER 


Fellows and friends of the Society, to the number of 350, including 
members of the affiliated and associated societies and visitors, assembled in 
the Harvard Union at 7 p. m., Thursday, December 29, for the Annual 
Dinner. 

At 8 p. m., President Daly, who acted as toastmaster, opened the 
formal program with a vote of thanks to the members of the Harvard 
Geological Club who took care of the various detailed and routine func- 
tions connected with the meeting in able and willing fashion. He then 
introduced the new President, C. K. Leith, who made brief appreciative 
response. He next presented David White, whom he called “the admir- 
able Crichton of American geology,’ who, in turn, presented, on behalf 
of the Society, an especially bound and inscribed copy of the history of 
the Society to its author, Herman L. Fairchild, who for so long had ably 
administered the Society’s affairs and had capped his service to it by 
writing this excellent record of collective effort towards a high standard 


for American geology. 


IV—BUuLL. GEoL. Soc. AM., VoL. 44, 1933 
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PRESENTATION TO HERMAN L, FAIRCHILD; BY DAVID WHITE 
Mr. President, Members, and Guests of the Geological Society: 


Forty-five years ago the Geological Society of America was coming into 
being. There were but 37 sponsors and less than 100 founders. Doubt- 
ful as to the purposes and value of the new society, many prominent geolo- 
gists stood aloof, and even at the end of three years, during which the 
Society was under the ardent leadership of the first secretary, John J. 
Stevenson, it was little more than fully organized. The type, the stand- 
ards, and the future of the organization had yet to be demonstrated. 

In 1891 the secretaryship was transferred from Doctor Stevenson to 
his old friend and close confidant, Herman LeRoy Fairchild, who for the 
next 15 years, covering the late infancy and the juvenile period of devel- 
opment of the Society, devoted himself unreservedly to shaping the scope 
and purposes of the new organization, establishing its present high stand- 
ard of membership, and promoting the highest ideals of geologic research 
and the publication of its results. 

Meanwhile, as happens so frequently to men charged with the respon- 
sibilities of parental training, the Secretary himself seems to have been 
further inspired in the researches which were to result in the long series 
of his distinguished contributions to the history of the work of Pleistocene 
ice and Pleistocene waters in the State of New York and adjacent areas. 
Out of 253 scientific papers by him, 115 embody the results of researches 
in this field, which he has brilliantly illuminated. 

The Society now has 630 members. Its habits and standards of per- 
formance are established, and it is the center of a goodly family of off- 
spring societies, including the Cordilleran Section, the Paleontological 
Society, the Mineralogical Society and, in effect, the Society of Economic 
Geologists. 

As one glances at the pages of Professor Fairchild’s book, in which 
he recounts the high points of progress in geologic science, especially in 
America, during the 45 years since the Society was founded, he can not 
escape a new realization of the rapidity of growth in our field of science. 

Forty-five years ago the presentation of isostasy as a theory in explana- 
tion of continual continental movement had been but recently made by 
Major Dutton. The subject, kept alive mainly through the indefatigable 
zeal of a geodesist, is now under experimental as well as observational test, 
with a view to its specific practical applications. Meantime, a great 
theory—the planetesimal—of earth origin has been given to the world by 
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one of its greatest geologists, a former President of this Society, and its 
first Penrose medalist. 

The doctrine of floating continents, first proposed in earnest by Taylor, 
a member of this Society, is gaining widespread and open-minded con- 
sideration with growing appreciation in many quarters. Geophysics has 
grown into and beyond great laboratories to become an alluring branch, 
made exciting, in fact, by the petroleum geologist. Presently the publica- 
tion of a deep continental cross-section, not based upon geophysical ob- 
servations, rather than purely theoretical suppositions and deductions, will 
be justly criticized. 

Glacial geology reached its greatest flowering in America during the 
early years of the Geological Society of America. Meanwhile, glaciation 
in Permian and pre-Cambrian times is no longer questioned, while evi- 
dence of ice ages in other periods accumulates. Fairchild’s work in this 
special province and field illustrates the development of the subject in 
America. Let me add that Harvard University may well be proud of the 
name of Louis Agassiz, whose work in the recognition of continental 
ice-sheets seems less forgotten in Europe than in America. 

Physiography, in which every American geologist was keenly absorbed, 
reached a glowing culmination in America in the late eighties and early 
nineties, only to lose courage and shrink from view for most of the sub- 
sequent period on account of the criticism of a high authority, whose judg- 
ment may have been overvalued. Happily, the light has been kept alive 
by a few brave souls, and interest in this fascinating, though now sadly 
neglected field, is recrudescent. 

No modern book review should fail to criticize the author, the setting, 
the customs, or the morals of the period. I would criticize the lack of due 
recognition of the economic geologist and of the growth of economic 
geology during the life of this Society. We have seen economic geology 
rise from the apprentice level to a prominent—not to say respectable— 
place in geological research. No economic geology is now worthy of the 
name which does not carry with it original geologic investigation and 
which does not yield original and constructive contributions to our science. 
Such is the emulation of the economic geologist. Meanwhile, we have 
also seen the development of another great parent American society, com- 
prised of over 2,000 economic geologists, and many local or regional so- 
cieties concerned with the geology of petroleum alone. Under their enthu- 
siastic encouragement, a subsidiary organization of micropaleontologists 
and economic mineralogists has come into being. The micropaleontolo- 
gists have revived and developed as though anew the study of fossils so 


H 
i 
; 
i 
; 
| 
t 


52 PROCEEDINGS OF THE CAMBRIDGE MEETING 


small as formerly to have been generally neglected in universities, mu- 
seums, and State surveys. The economic mineralogists in America, tak- 
ing over the responsibilities politely declined by the petrologists, have 
joined with the stratigraphers and physiographers in building up what 
is, in effect, an almost new, though extremely important, department in 
our field—the systematic study of sediments and sedimentation—which 
is destined to become one of the most useful branches of geology. Some 
day American geologists will interest themselves more truly in soil forma- 
tion also. 

If Professor Fairchild appears to slight economic geology in his review, 
it is easily explained by the purity of his own scientific ideals. Of the 
253 papers by him, already mentioned, only three relate to economic 
geology, and it is probable that he received no pay for the work of which 
they are the outcome. 

During the period of life of the Society our science and the Society 
itself have not escaped all the diseases incident to juvenility and ado- 
lescence. I refer to the epidemic of writing geological textbooks which 
raged about 15 or 20 years ago, when any university teacher who had a 
new idea as to the mode of presentation of some geologic process or 
feature felt justified in writing a new textbook in geology which the stu- 
dents of all subsequent classes were required to read, and probably to buy. 
Some of these books are better than their predecessors. I honor Professor 
Fairchild for his aid in bringing up to date, and making better, earlier 
textbooks which had long been leaders as manuals or as inspirers of interest 
in and the thirst for geologic knowledge in America. 

Were there time I should like to refer to the growth in other depart- 
ments of geology—such, for example, as paleogeography, first presented in 
continental view and with reference to a definite period by our own Dana 
in 1861. In paleogeography the base lines are drawn with stern regard 
for unequivocally established fact, but the map finishes in the wildest 
flights of the imagination. Yet paleogeography is invaluable. One of 
its great values will eventually be seen in the foundation to be laid by 
the paleogeographer and paleontologist for the ultimate scientific study 
of the relations in position, size, configuration, and relief of the land- ‘ 
masses with reference to one another and to the contemporaneous water 
bodies, their shapes, depths, densities, and currents, as causes and con- 
trols of climate and climatic changes, so far as these are not determined 
especially by temporary solar activity. Also, I should like to refer to the 
growing interest, with promise of profitable results, in the subject of pre- 
Cambrian sedimentation and life, and the rapid drift of archaeology into 
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geology and of geology into archaeology as ancient man, his environment, 
and his associates are seen more and more as part of a geological environ- 
ment. 

Professor Fairchild: The Geological Society of America finds pleas- 
ure tonight in paying homage to the one who more than any other mem- 
ber was instrumental in making this a great Society; who as Secretary 
through 15 years devoted himself whole-heartedly to the formulation of 
its character, the fixation of its high ideals, and the establishment of its 
high standards of membership and of performance. 

As a reminder of its appreciation of your long and unselfish services, 
and in token of its affectionate regard, it presents to you a special copy 
of this, your latest work of personal devotion to the Society’s welfare and 
its future. The book, reviewing the first 45 years of the Society’s growth, 
including the 15 years under your solicitous leadership, is a fit accompani- 
ment to the Bulletin series, a series that, thanks largely to your labors, is 
a channel through which flow the streams from a thousand research 
springs. You may think of every volume yet printed and of the many 
times fifty volumes yet to come as better for your devotion and effort. 

And when we meet together at these annual gatherings, may your heart 
grow warm with the joy of fellowship, the friendly interest, and the affec- 
tionate regard of the members who surround you; with the abiding satis- 
faction of worthy achievement, and with the calm content and supporting 
strength both of merit recognized and of ideals brought to fruition. 


RESPONSE OF PROFESSOR FAIRCHILD 


Mr. President, Doctor White, fellow Fellows of the Society, Ladies, 
and Gentlemen: 


I thank you sincerely for the words of commendation and for your 
appreciation of my services to the Society and to science. 

I have been highly honored by the Society. First, by participation in 
the organization, in 1888; then, in the privilege of supervising the work 
for sixteen years; later in the special honor of the presidency, in 1912. 
And I regard it as no small honor being asked to write the history of the 
Society, published last year. And now you are crowning my honor record 
by the kind words and gifts of this occasion. 

Some one has facetiously said that “soft words butter no parsnips.” But 
certainly they help to lubricate and smooth the skidways of life’s steep 


toboggan slide. 
You are doing that which I have long advised—to praise the living 
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greatest luminosity; they should strive to inhibit atomic disintegration. 
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and to tell the truth about the departed. Yet, I am a bit curious about 
that future criticism, which I will not be able to controvert. 

As the last remaining link between the organization of the Society and 
the present regime I have paraphrased a stanza of Oliver Wendell Holmes: 


Now, that I have come to be 

The last leaf upon the tree, 

Yet I can smile, as you do now, 

At the old forsaken bough 
Where I cling. 


Since 1920, for twelve years, I have failed in attendance on the meet- 
ings of the Society. This absence has not been of purpose or desire. For 
all those winters I have migrated to some warmer climate; and for the 
few times that I lingered to January, I was held on the executive commit- 
tee of the American Association. During those years the Society did 
not join in the convocations. And last winter, when I remained at home, 
you went far south, to Tulsa. 

My absence from the later meetings of the Society should be balanced 
against my presence at the first 33 meetings, at 27 of which, summer 
and winter, it was my privilege to be Secretary. And with only four 
exceptions I attended all the meetings to the year, 1920. 

Because of my absence for so many years I suppose that to the younger 
Fellows I am only a kind of myth, a sort of legend, arising out of the 
antiquity of the Society and its fabulous origin. And to the older 
Fellows I am merely a Hasbeen. All right! However, you will admit 
that a Hasbeener is somewhat superior to a Neverwaser. But, really, I 
am yet an Iser, with emphasis on the present tense. Last month I pub- 
lished four papers, two of them being in our Bulletin. Besides, in youth- 
ful egotism, I printed a list of my writings, 253 titles. 

Reference is made to my antiquity—admitting my considerable age, 
yet I am not the oldest living Fellow. Warren Upham is one month 
older; W. M. Davis is two months older; E. H. Williams, Jr., is seven 
months older; while George H. Perkins is six and one-half years older. 
Possibly I have overlooked other antiques. 

At this time, only eleven stars illuminate the roster of the Society, one- 
tenth of the 112 Original Fellowship. These luminaries will not long 
remain above the life horizon. In the Society’s history I have said that 
the last one to vanish should have special mention. A glance-at the ages 
of the Fellows reveals that the stars attached to the names of N. H. 
Darton, Arthur Winslow, and R. T. Hill are in the astronomic phase of 
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The three Fellows will, I trust, pardon my reference to their youthfulness. 

At the present time, we are witnesses and participants in a financial 
and economic cataclysm that has frightened some of us, has improverished 
many of us, and confuses all of us. And, strange to say, no one tells us 
the specific cause and no one has a definite, effective cure. The philoso- 
phers, so-called, the politicians and statesmen, the bankers and financiers, 
the men of business and the industrialists appear ignorant of both the 
remote and the immediate causes, and offer no practicable remedy. Now 
it is the opportunity and the duty of the men of scientific training and 
vision to attack and solve the complex problem of the dominating indus- 
trialism. Invention and discovery have produced tools and materials 
beyond their intelligent use, and science now owes the people an ex- 
planation, with instruction for the intelligent use of scientific knowl- 
edge. What has the geologist to offer? 

This Society has now an opportunity for service which may involve 
duty. It is now at the “turning of the ways.” Suddenly it has become 
a great financial institution, with the disposal of large funds. It is 
imperative that a nice balance be adjusted between the monetary function 
and the scientific purpose. In this critical period of social trouble, it 
is well that we consider the relationship of the Society to the people at 
large. Our Fellowship is a select class of men and women sheltered in 
academic cloisters or absorbed in research, and not in close or sympathetic 
relation with the activities of the industrial and commercial forces. We 
are mostly so intent on our fascinating jobs that we are liable to neglect 
our duties to society in general. Yet we are not immune to the ill effects 
of social and financial upheavals. Our personal and our corporate rela- 
tion to cause, effect, and cure of the social debacle should be understood. 

To the scientist, altruist, and humanist the causes, remote and near, of 
our present trouble are not obscure. The chief fault of humanity is 
selfishness. Allied with ignorance and superstitition, this is the remote 
or fundamental cause of all our major troubles. With a vast and prolific 
continent, the American ideal of life success has become materialistic. 
Business is the American ikon. Everything has been subordinated to the 
business of getting possession of other people’s money. And the great social 
mistake is, that instead of our laws, commercial practices, and social ideals 
inhibiting and curbing greed, they have done everything possible to encour- 
age and aid it. The result has been a merciless rule of plutocracy. The 
larger proportion of fluid wealth is gathered into the pockets and vaults 
of a small proportion of the population. Some of us have elegantly 
engraved certificates, facetiously called “securities,” of slight value. ,But 
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somebody has the face-value cash that we gave. And if we yet are so 
fortunate as to have a little money in the bank, or in some secret place, 
the prevailing psychologic fear prevents its use. 

The immediate cause of the depression in America is the collapse of 
our uncontrolled financial system with its speculative craze. This money 
mania is typified by “Insullism” and “Kreugerism.” Two other forms 
of partial insanity have contributed to the crash. One is the drink mania, 
largely confined to the so-called “upper” class of society, which has de- 
stroyed the sense of loyalty to law. The third is speed mania. The in- 
ternal combustion engine not only has revolutionized transportation but 
has produced an insanity of hurry. Thirty million automobiles in 
America, an investment of 20 billions of dollars, are diverting money, 
time, and interest away from other objects. 

It seems apparent that if the mistakes and injustices of our prevailing 
social order are not corrected, or at least mitigated, our civilization may 
be wrecked. If humanity is to be something more than a mere passing 
phase of organic phenomena on the surface of the planet, then its ideals 
and practices must be improved. 

The prime necessities for human progress are education and a higher 
average intelligence. Two elements, in particular, are here involved. 
One is the knowledge and the application of the biologic laws of life; the 
other is the adjustment of man’s relation to his physical environment. 
The two involve human history and human destiny. For the former, the 
biologic, we must rely on biological and medical science, and eugenics. 
The responsibility for the latter is on physical science, and particularly 
on geology. 

Right here is where our Society enters the picture. It has the oppor- 
tunity and the ability to give effective help in the uplifting of society 
through scientific cooperation and worthwhile education. Why should 
not the Geological Society of America, having no selfish professional in- 
terests, take the initiative in organizing a commanding body of men of 
science, representative of the national scientific societies, to study and 
determine the causes and the cure of our economic and social sickness? 
Why not? 

The noblest individual work of the Society may be educational. Dense 
ignorance of the earth’s history and human relationship overshadows 
millions of our population. Popular or literary science has slight influ- 
ence. The scientific culture of the colleges filters down but slowly to the 
people. The problem should be attacked nearer the base of public edu- 
cation, namely in the high schools. The Society could wisely use its in- 
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fluence and some of its funds in encouraging work in physiography and 
geology in the schools, more especially in the southern states. This im- 
plies the placing of instructors who will be equipped to interest their 
pupils in the physical features of their environment. Field study, the 
finest mental and moral training, might well displace some of the less 
profitable matter in the overloaded curricula. 

One word, of paternal admonition: Our honored Society is at the most 
critical point in its existence. Wise management will be conservative. 
Changes in conduct and policy will be made cautiously, and only when 
clearly demanded. Just now, in this perilous time of storm and stress, 
skillful piloting is most essential. The helm of the craft which bears our 
purposes and our hopes may well remain for a time in the hands of the 
triumvirate whose vision and skill have been tested and approved, the 
Secretary, the Treasurer, and the Editor. 


PRESENTATION OF THE PENROSE MEDAL TO EDWARD OSCAR ULRICH 


President Daly then introduced W. O. Hotchkiss, President of the 
Michigan College of Mining and Technology, “a leader in our science and 
successful administrator,” whom he asked to present the Penrose Medal 
to Edward Oscar Ulrich. 


PRESENTATION ADDRESS BY W. 0. HOTCHKISS 


Mr. President, Fellows of The Geological Society of America, Ladies, and 
Gentlemen: 


The Penrose award, established in 1926 by the Society’s great benefac- 
tor, R. A. F. Penrose, Jr., is conferred on occasion for distinguished at- 
tainments in geology and for outstanding contributions to that science. 

The past recipients of the medal have been four: T. C. Chamberlin, in 
1927; J. J. Sederholm, of Finland, in 1928; F. A. A. LaCroix, of France, 
in 1930; and W. M. Davis, in 1931. 

The purposes and the conditions of the award, and the quality of those 
who have been honored by receiving it make it the highest recognition 
that can come to any man in the field of geological science. 

This year the Committee and Council have selected a man who is a most 
fitting addition to the list. I have the high honor to name to you the 
Penrose Medalist for this year, Edward Oscar Ulrich. 

His life-long interest in fossils began when he was a boy of 13. As a 
lad of 17, he had attained such proficiency that he was put in charge of 
geology in the museum of the Cincinnati Society of Natural History. 


3 
i 
} 
i 
i 


58 PROCEEDINGS OF THE CAMBRIDGE MEETING 


In 1877, at the age of 20, he was made curator, a position which he held 
for three years. 

His first paper, in 1878, began a long and valuable series of contribu- 
tions, which in the course of the next 40 years included 100 papers cover- 
ing 3,700 pages. To those who know the quality of his work, the pains- 
taking insistence upon minute accuracy of detail, this represents an almost 
superhuman accomplishment. The 14 years that have followed this 40 
have been characterized by similar productivity. His work has been 
prodigious, and it will not surprise you to learn that his routine has de- 
manded strenuous application seven days a week through all that 54 years. 

His scientific life has been devoted with rare singleness of purpose to 
his chosen field. The only interruption was the three-year period, from 
1881 to 1884, during which he was in charge of a mine in Colorado. From 
1885 to 1896, he worked with the state geologic surveys of Ohio, Ken- 
tucky, Illinois, and Minnesota, and from 1896 to 1901, chiefly on tem- 
porary appointments for the United States Geological Survey. In 1901, 
he was given a permanent appointment on the United States Geological 
Survey, a position which he has held ever since. 

In paleontology, he has produced monographic reports on many -sub- 
jects, any one of which would be sufficient to entitle him to high rank as a 
scientist. His work in this field has covered the bryozoa, ostracoda, gas- 
tropoda, trilobites, crinoids, conodonts, cephalapoda, and brachiopoda. 
It has been characterized by an extremely refined and even microscopic 
study of differentiable features which, to quote one of his close associates, 
A. G. Foerste, “makes it possible now to use for stratigraphic purposes the 
same common species which a short time ago we thought were of no use 
stratigraphically because they had such long vertical ranges and varied 
so much.” 

In stratigraphy, one of his greatest contributions was the development 
of the principles of seas and barriers. A few of his most outstanding 
stratigraphic publications are his “Revision of the Paleozoic Systems,” 
“The Ordovician-Silurian Boundary,” “Major Causes of Land and Sea 
Oscillation,” “Silurian Formations of the Appalachian Region,” “Cor- 
relation by Displacements of the Strand Line,” and “Formations and 
Breaks Between Paleozoic Systems in Wisconsin.” His field of work has 
covered the Appalachian and the great Mississippi Valley regions, where 
he has solved many difficult puzzles. To the geologic column he has added 
two new systems, the Ozarkian and the Canadian, and in the opinion of 
those best informed, has substantiated their validity. These stratigraphic 
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studies have also resulted in putting our knowledge of Paleozoic geography 
on a firm foundation. 

Ulrich is an outstanding example of the self-made master of his science. 
His formal schooling in geology was almost nil, consisting of a few weeks’ 
work with an elementary class in German Wallace College at Berea, Ohio. 
The instructor, soon recognizing a better informed geologist than him- 
self, asked him to help teach the class. His only college degrees are an 
honorary Master of Arts and an honorary Doctor of Science conferred by 
this college in 1886 and in 1592. 

Although his formal schooling in geology was thus limited, he is today 
the outstanding leader in his field in all the world. His studies have 
been not in textbooks but in the field, in the great array of facts which 
nature spread before his eager and tireless observation. Perhaps his 
scientific stature is the greater because he did not learn so many things 
that are not true, and has not been hampered by having to unlearn them 
in order to put true interpretations on the facts he found in the field. 

Not the least of the qualities which have made him great is his never- 
failing willingness to give to others freely of his ideas, unpublished as well 
as published. He has never held a formal teaching title but he has been 
one of our greatest teachers of geology, as those of us know who have had 
the pleasure and profit of being with him in the field. He is a most de- 
lightful companion, and few scientists are so beloved by their close asso- 
ciates. I think one of the honors he has most appreciated was being made 
an honorary member of the Association of State Geologists, by men who 
were for the most part far younger than himself. 

Other and more formal honors have been his. He was one of the Origi- 
nal Fellows of this Society. He is a member of the National Academy of 
Sciences, and was awarded, in 1930, its Mary Clark Thompson medal for 
outstanding accomplishment in geology. He is a member of the Academy 
of Natural Sciences of Philadelphia, and is Foreign Member of both the 
Geological Society of London and the Geological Society of Sweden. 

I can not better sum up this man to you than to quote a remark made 
to me by the late Rollin D. Salisbury: “Ulrich is unique. It will be a 
long time before we shall see his equal.” 

Doctor Ulrich responded extemporaneously with personal reminiscences. 


AFTER DINNER PROGRAM 


At the close of these presentation ceremonies, four interesting moving 
pictures were shown through the courtesy of the University Film Founda- 
tion. The first told the story of the Washburn-Everett climb up Mont 
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Blane, and was made doubly interesting because Walter Everett himself 
was present and gave the explanatory talk. Then followed motion and 
still pictures of the Shippee-Johnson Peruvian Expedition, the John Noel 
talkie of the Mount Everest Expedition, and, in conclusion, a sound film, 
“Volcanoes in Action.” 


Session OF Fripay Morning, DECEMBER 30 


The session was opened at 10 a. m. in the Harvard Union, with Presi- 
dent Reginald A. Daly in the Chair, and R. J. Colony acting as secretary. 


PRESENTATION OF SCIENTIFIC PAPERS 


Francis G. WELLS and AARON C. WATERS: Basic Igneous Rocks of the Roseburg 
Quadrangle, Oregon. (Abstract, page 107.) Presented by Doctor Waters. 

RicHarp E. FuLter: Complex Diabasic Intrusions Causing Local Contact 
Fusion. (Abstract, page 86.) Discussed by Alfred C. Lane. 

ALFRED C. LANE and A. Wotr: Weathering of the Medford Diabase. (Abstract, 
page 92.) Presented by Mr. Wolf. Discussed by Marland P. Billings, 
Charles Wilson Brown, Frederick K. Morris, and William H. Hobbs. 

Esper S. LARSEN and FREDERICK K. Morris: Origin of the Schists and Granite 
of the Wachusett-Coldbrook Tunnel, Massachusetts. (Abstract, page 92.) 
Presented by Mr. Morris. Discussed by Clarence N. Fenner, Charles P. 
Berkey, and Arthur Keith. 

N. L. Bowen, J. F. Scuarrer, and E, PosnNsAk: System, CaO-FeO-SiO,. (Ab- 
stract, page 74.) Presented by Doctor Bowen. 

W. H. TWENHOFEL, Frep T. WILLIAMS, and ELIzABetH McCoy: Physical and 
chemical characteristics of the sediments of Lake Mendota, a fresh-water 
lake of Wisconsin, and a preliminary survey of the microflora with special 
reference to the precipitation of calcium carbonate. (Abstract, page 104.) 
Presented by Professor Twenhofel. 

ALBERT O. Hayes: Cambrian odlitic hematite in the Reagan sandstone of Okla- 
homa. (Abstract, page 86.) Discussed by Arthur Bevan. 

CHESTER W. WASHBURNE: Shear-control of dikes and sidls near Eugene, Oregon. 
(Abstract, page 107.) Read by title in the absence of the author. 


At this point the Chairman called for the reading of the report of the 
Representative of the Society to the National Research Council by Chester 
R. Longwell. 


REPORT ON THE DIVISION OF GEOLOGY AND GEOGRAPHY OF THE NATIONAL 
RESEARCH COUNCIL; BY CHESTER R. LONGWELL, Representative 


A brief report can not cover adequately all the varied activities of our 
Division of the National Research Council. It is possible to give only a 
few general statements, with references to printed reports and bulletins 
that are available to members of the Geological Society. 
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The annual report for the year, 1931-32, contains much that is of im- 
portance to every American geologist. The present chairman, W. H. 
Twenhofel, has included a comprehensive history of the Division, followed 
by a statement of all projects that have been undertaken under successive 
administrations. This concise record of aims and accomplishments dur- 
ing 13 years provides a basis for judging the worth of the Division to 
American geology. This part of the current report should be studied 
carefully by all members of the Geological Society, and especially by 
any who have felt doubts as to the usefulness of the Division. 

The potential strength of the Division as a working organization ap- 
pears in the list of its officers and committees. Besides the chairman, 
the executive committee, and 13 additional members, there are this year 
25 technical committees, with an aggregate membership of 222. Taking 
account of the fact that several names appear two or three times each, 
there are nearly 200 geologists and geographers enrolled in the organi- 
zation. 

As might be expected, some committees have to their credit more tan- 
gible accomplishment than others. ‘The difference can be ascribed, in 
part, to variation in initiative of committee chairmen, but there are other 
important reasons. Certain committees have to do with definite tasks 
that are fairly simple; others are assigned to fields whose exploration will 
require much time and perhaps more money than is at present avail- 
able. The Executive Committee has wisely determined to keep on the 
books only committees that show by their accomplishment that they fill 
areal need. Accordingly, the present policy is to appoint each commit- 
tee for a term of three years, and to reappoint it only if the Division finds 
that there is need for its continuance. This plan prevents the carrying 
of committees after they become inactive, and makes room for new com- 
mittees as the need for them arises. 

One committee has been discontinued at the peak of its activity, because 
its field has been taken over gradually by other agencies. This is the 
important Committee on Submarine Configuration and Oceanic Circula- 
tion, headed by T. Wayland Vaughan. Each year since its inception the 
committee has issued a lengthy report filled with valuable information on 
various aspects of oceanography. Since one of its best reports was forth- 
coming this year, it may appear unfortunate that such an efficient group 
of workers should be disbanded. It is practically assured, however, that 
nearly if not all the functions of the committee will be performed in the 
future by the Section of Oceanography of the American Geophysical 
Union. This case illustrates a wise policy of the Research Council: to 
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stimulate interest in important fields of research, but to avoid duplica- 
tion of effort by withdrawing from active participation as soon as 
adequate independent agencies of research have been developed. 

Professor Lane’s Committee on the Measurement of Geologic Time has 
issued an important separate report, giving the results of several new 
analyses of radioactive minerals. This committee is performing valuable 
service in building up the data on which reliable estimates of geologic time 
must depend. This work is expensive ; the chairman estimates that nearly 
$10,000 is needed to complete projects now in hand or awaiting immediate 
attention. The usefulness of the committee could be increased greatly if 
sufficient funds were available for its needs. 

The Committee on State Geological Surveys, directed by M. M. Leigh- 
ton, has completed the work for which it was established and has pub- 
lished its report as Bulletin No. 88 of the National Research Council 
(price, $1). This bulletin gives concise and up-to-date information about 
each State Survey—its history, present organization, appropriations, 
activities, and accomplishments. A brief section on the United States 
Geological Survey is appended. This bulletin will be a valuable reference 
book for every geologist. 

The Committee on Sedimentation has two important publications for 
the year: The revised edition of the “Treatise on Sedimentation,” and a 
group of 22 original papers, by as many authors, published as Bulletin 
No. 89 of the National Research Council (price, $1). 

Many other committees have done highly meritorious work, a record of 
which is printed in the last annual report. 

Changes in the organization of the Research Council continue to be 
made, dictated by experience and by changing conditions. During the 
coming year the membership of all divisions is to be reduced rather dras- 
tically, partly for the sake of economy but also with the idea that smaller 
units will be more efficient. A gradual reduction in numbers has been 
in progress for several years. In 1928, our division had 28 members; in 
July, 1932, the number was 19; next year, there will be 12 or 13 members. 
In one respect, the reduction seems regrettable ; a smaller number of men, 
representing fewer institutions and sections of the country, can now re- 
ceive the benefit of participating in the plans and deliberations of the 
Division. However, there will be a corresponding gain in that the greater 
economy of the annual meeting will make funds available for conferences 
of technical committees. 

During the past year a larger number of geologists and geographers 
than ever before received financial aid for research work from the Research 
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Council, 29 grants being made, totaling $12,826. In addition, Mrs. 
Storrow, of Boston, again contributed $5,000 for fellowships in geology 
and geography, and six fellows were appointed. 

Geologists are gradually becoming aware that the Division is an instru- 
ment of large and increasing usefulness for stimulating geologic work, 
and especially for coordinating efforts in geologic research. The effective- 
ness of the Division in performing its functions depends directly on the 
ability and alertness of its officers and committee chairmen; but a high 
standard in personnel can not be maintained unless geologists throughout 
the country appreciate the importance of the organization and give it their 
active support. It is essential that the participating societies choose repre- 
sentatives who are willing to give time and effort to this important work, 
and who will keep the societies informed as to the activities and the needs 
of the Division. 

Fellows who desire specific information about the various reports and 
other publications should direct their inquiries to the Division of Geology 
and Geography, National Research Council, 2101 Constitution Avenue, 
Washington, D. C. 


PRESENTATION OF SCIENTIFIC PAPERS 
R. M. Fietp: Map showing the seismic epicenters, sonic sounding, and gravity 
stations in the West Indies and contiguous areas. (Abstract, page 84.) 
Francis P. SHEPARD: Canyons off the New England Coast. (Abstract, page 
99.) Discussed by Frederick K. Morris. 
ARTHUR BEVAN: Geology of the Hot Springs district, Virginia. (Abstract, 


page 72.) 
FRANK BuRSLEY TAYLOR: Making of arcuate mountain ranges of Asia. (Ab- 


stract, page 102.) 


The scientific session then adjourned to 2 p. m. 


Session or FripaAy AFTERNOON, DECEMBER 30 


The afternoon session for the presentation of papers opened at 2 o’clock 
in the Harvard Union with Past President Alfred C. Lane in the Chair 
and Frederick K. Morris acting as secretary. 


PRESENTATION OF SCIENTIFIC PAPERS 


CHARLES R. FETTKE: Subsurface Devonian and Silurian sections across north- 
ern Pennsylvania and southern New York. (Abstract, page 84.)  Dis- 
cussed by John L. Rich, Alfred C. Lane, and W. T. Thom, Jr. 

GrEorGE GAYLORD Stmpson: Late Mesozoic and Early Tertiary in Patagonia. 
(Abstract, page 100.) Read by title in the absence of the author. 
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ROBERT VAN VLECK ANDERSON: Stratigraphy and orogeny of the Dahra Range, 
Algeria. (Abstract, page 69.) Discussed by Alfred C, Lane. 

I. P. To~tmMAcHorr: Discovery of Upper Cretaceous fauna in the Asphalt 
Ridge, Utah. (Abstract, page 103.) Discussed by Barnum Brown and 
Alfred C. Lane. 

BRADFORD WILLARD: Catskill sedimentation begins in Pennsylvania. (Abstract, 
page 108.) 

C. H. CrickMAy: Mount Jura investigations. (Abstract, page 80.) Read 
by title in the absence of the author. 

Puiuie B. Kine: Permian stratigraphy in trans-Pecos Texas. (Abstract, page 
90.) 

RvupoLF RUEDEMANN: Sargasso-Seas in Paleozoic time. Abstract, page 98.) 
Read by title in the absence of the author. 

R. M. Frevp and H. H. Hess: Borehole in the Bahamas. (Abstract, page 85.) 
Read by title. : 

WaALTer A. VER WIEBE: Present distribution and thickness of Mesozoic systems. 
(Abstract, page 106.) Read by title. 

Frank McKim Swartz: Silurian sections near Mount Union, central Pennsyl- 
vania. (Abstract, page 101.) Read by title. 

F. M. Anperson: Knogrville-Shasta succession in California, and the Later 
Mesozoic record, (Abstract, page 68.) Read by title. 

Joun L. Ricu: Rock resistance and interfluvial degradation as dominant factors 
in geomorphology. (Abstract, page 97.) Read by title. 

CHESTER R. LONGWELL: Rotated faults in the desert range, southern Nevada. 
(Abstract, page 93.) Read by title. 

C. H. CrickMAy: Attempt to zone the North American Jurassic on the basis of 
its brachiopods. (Abstract, page 80.) Read by title. 

Cart ToLMAN: Silver-lead tungsten mineralization at Silver Mine, Missouri. 
(Abstract, page 103.) Read by title. 


At the close of the program a resolution of thanks was adopted as 
follows : 


RESOLUTION OF THANKS ADOPTED BY THE SESSION 


Resolved, That the Geological Society of America express its thanks 
to its hosts, the Geological Society of Boston, for its cordial invitation and 
welcome extended to the Society. 

Resolved, That the thanks of the Society be tendered to its hosts, Har- 
vard University and the Massachusetts Institute of Technology, for the 
use of buildings generously placed at the Society’s disposal. 

Resolved, That the Society recognize with gratitude the very efficient 
work of the Local Committee which has made possible a most comfortable, 
enjoyable, and profitable meeting. 

Nevin M. FENNEMAN, 
Chairman. 

W. J. Meap. 

Georce W. Srose. 
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The Chairman then announced that the scientific sessions of the Forty- 
fifth Annual Meeting had been completed, and on motion the meeting 
adjourned at 4 p. m. 


Cares P, Berkey, 
Secretary. 
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A. C. TROWBRIDGE 

W. H. TWennoren 

E. O. Unricn 

Frank R. Van Horn 
O. D. von ENGELN 

T. L. WALKER 
FREEMAN WarRD 
CarroLL H. WEGEMANN 


F. M. 
Ernst Cioos 

G. Arrtnur Cooper 
Fanny Carrer Epson 


ABSTRACTS OF PAPERS 


W. H. 

Rocer C. WELLS 
Davip WHITE 

G. R. WIELAND 
Braprorp WILLARD 
A. N. WINCHELL 

J. Eomunp WoopMan 
C. Witt Wricut 


FELLOWS-ELECT 


PauL MacCiintock 
M. A. Peacock 

J. T. STARK 

H. C. Stetson 


J. Brookes Knieut Frank McKim Swartz 
In addition to the foregoing there were registered at the meeting 338 
members of affiliated societies and visitors, making a total of 512. 


TITLES AND ABSTRACTS OF PAPERS 


(Arranged alphabetically by authors) 


FURTHER NOTE ON THE USE OF THE WORD GEOLOGY 
BY FRANK D. ADAMS 
(Abstract) 


In a short paper read at the December meeting last year it was stated that, 
so far as the writer had been able to ascertain, the earliest work in the English 
language in which this word occurred was Lovell’s “Pammineralogicon or An 
Universal History of Minerals,” which was published at Oxford in 1661. Since 
then the writer’s attention has been called to three other early uses of the word. 
The first of these is in a Norwegian work by Escholt, entitled ‘““Geologia Nor- 
vegica,” which was translated into English in 1663. The others are by Philip- 
pus Cluverus and by Aldrovandus, respectively. 

Investigation goes to show that Phil. Cluverus never wrote the “Geologia” 
attributed to him but that this has been confused by the catalogers with a 
work written by Dethlevus Cluverus having the same title and published 
about one hundred years later. 

Aldrovandus did not use the word in any of his printed works, but in his 
will he gives a list of his published books, and another of his unpublished 
manuscripts and notes, and in the latter list there appears an entry “Geologia 
oovero de ossilibus.” Aldrovandus died in 1605. 
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So far as is at present known then, Aldrovandus first used the word “Geo- 
logia” in its present sense. This, however, was in his manuscript will. It 


was first employed in a printed book by Escholt, in 1657, (Proceedings, page 
34.) 


REVISION OF THE SPOKANE FLOOD 
BY IRA S. ALLISON 


(Abstract) 


Steep-walled buttes beside deep, narrow channels in the scabland of Chand- 
ler narrows in Yakima Valley are considered inconsistent with a “gigantic 
bore” type of flood. Instead, the scabland is better explained as the product 
of water repeatedly diverted around a growing icejam. Such diversions pre- 
sent an epitome of the flood on the Columbia plateau. 

New data indicate that the flood rose to a consistently high level from the 
Wallula Gateway to the Columbia River gorge through the Cascade Moun- 
tains, that it left slack-water deposits both in tributary valleys and on the 
uplands, and hence that it was virtually ponded. The writer, therefore, pro- 
poses a new version of the flood: That the ponding was produced by a block- 
ade of ice in the Columbia River gorge, that the rise of the river to abnor- 
mally high levels began at the gorge and not on the plateau of eastern Wash- 
ington, that the blockade gradually grew headward until it extended into 
eastern Washington, that as the waters were dammed to progressively higher 
levels they were diverted around the ice and into a succession of routes 
across secondary drainage divides at increasing altitudes, producing scab- 
lands and perched gravel bars along the diversion routes, distributing berg- 
rafted erratics far and wide, and depositing pebbly silts in slack-water areas. 
This interpretation does not require a short-lived, catastrophic flood, but 
explains the scablands, the gravel bars, diversion channels, and divide cross- 
ings as the effects of a moderate flow of water, now here and now there, 
over an extended period of time. (Troceedings, page 35.) 


KNOXVILLE-SHASTA SUCCESSION IN CALIFORNIA, AND THE LATER 
MESOZOIC RECORD 


BY F. M. ANDERSON 
(Abstract) 


The enormous succession of later Mesozoic deposits in the Coast Ranges 
of California (27,000 to 30,000) is divided into two nearly equal parts, the 
earlier being late Jurassic (Portlandian and Aquilonian), the latter, wholly 
lower Cretaceous. These divisions fall naturally into the Shasta group (lower 
Cretaceous) and the Knoxville (Jurassic). 
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The Knoxville contains many fossil zones, ranging from middle Portland- 
ian to the close of the Jurassic, and embracing no less than 15 species of 
Aucella, of boreal types, similar to the ‘Russian species. Other classes of 
mollusca, pelecypods, gastropods, and cephalopods of diagnostic value, together 
with determinable and equally significant plants occur. 

On the Knoxville rests the Shasta, divided into Paskenta (below) and 
Horsetown (above), and having an exposed thickness of 12,540 feet. Fifteen 
fossil zones, ranging from Infra-Valanginian to lower Albian, have been 
found. The Paskenta beds have a distinctive fauna, with ten species of 
Aucella, only one or two of which are known in the underlying group. ‘These 
are of Russian Cretaceous types, heavy-shelled forms, unlike those of the 
older group. Many species of cephalopods of southern or subtropical char- 
acter and origin, and other mollusca occur, 

Besides definite faunal differences, various evidences of unconformity have 
been discovered in certain Coast Range areas. On the western border of the 
Sacramento Valley, the Shasta basal conglomerates contain much material 
derived from the Knoxville by erosion and deposited, after transportation ; 
the Shasta beds are found in scattered areas, resting upon basement rocks 
of the Knoxville, and showing a wide overlap across the zone of the Knox- 
ville. Knoxville equivalents may have been found in southwestern Oregon 
but have not been proved to exist farther north, or to occur in British Co- 
lumbia or Alaska. (Proceedings, page 64.) 


STRATIGRAPHY AND OROGENY OF THE DAHRA RANGE, ALGERIA 


BY ROBERT VAN VLECK ANDERSON 


(Abstract) 


The Dahra Range, which borders the Mediterranean, is, broadly speaking, 
anticlinal, and is bounded on the south by the syneclinal basin of the Chelif 
River. Upwarping and folding in the range and downwarping in the basin 
took place toward the close of the Tertiary, in continuation of similar oro- 
genic tendencies that intermittently prevailed from at least the middle Mio- 
cene. A notable feature is a belt of late Pliocene sharp folding, accompanied 
by the local initiation of southward thrusting, along the hinge between the 
range and the basin. 

The strata are predominantly marine sediments, ranging in age from Cre- 
taceous to Pliocene. The Miocene-Pliocene series is over 10,000 feet thick, 
having been deposited in the continental border region, largely in water of 
shallow or moderate depth, in embayments that occupied gradually sinking 
basins. The series is divisible into four groups and nine stages, here described 
on the basis of a continuous type section. The four groups are separated by 
evidences of deformation and erosion. The hiatus between the lower and 
middle Miocene is particularly marked, having witnessed folding and the 
production of an old topography. (Proceedings, page 64.) 
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LAKE ATITLAN 
BY WALLACE W. ATWOOD 


(Abstract) 


In the highlands of Guatemala, forty miles west of the national capital, 
about fifty miles inland from the Pacific coast, and 5,000 feet above sealevel, 
there is one of the most beautifully situated, spectacular, scenic features on 
the North American continent. 

Like Crater Lake of Oregon, Lago de Atitlan is in an area roughly circular 
in form, where a huge mass of the crustal portion of the earth has collapsed. 
Near the rim and within the great caldera mighty volcanoes have built their 
Fujiyama-like cones to elevations 6,000 feet above the surface of Lake Atitlan. 
The evidence of faulting about the rim of this great caldera will be presented, 
and the physiographic history of this region will be outlined. 

Lake Atitlan was one of the important centers of the ancient Mayan civi- 
lization, 2,000 to 3,000 years ago, and about its margins today there are many 
settlements of primitive people who are probably descendants of the ancient 
Mayans. 

In addition to the physiographic interest in the study of this area there is 
an intensely interesting human problem which can not well be omitted. (DPro- 


ceedings, page 35.) 


IS THERE TILLITE IN THE TRIASSIC OF MASSACHUSETTS? 


BY WALLACE W. ATWOOD 
(Abstract) 


Near the eastern margin of the Connecticut Valley lowland in northern 
Massachusetts there are several remarkably good fresh exposures in the Tri- 
assic formation. These exposures are along highways where construction 
work has necessitated large excavations in bedrock. In certain of these ex- 
posures the physical and lithological heterogeneity, the shapes of the smaller 
stones and of the huge boulders, the lack of orderly arrangement of the mate- 
rial, all forcibly suggest the deposition of the material from a mass of ice. 


(Proceedings, page 49.) 


GLACIATION OF THE PARK RANGE, COLORADO 
BY WALLACE W, ATWOOD, JR.* 


(Abstract) 


Physiographic studies in the Park Range during the field season of 1932 
have emplasized the importance of glaciation in the evolution of this mag- 
nificent mountain landscape. 

During Wisconsin time most of the Park Range was covered with ice. 
Notable exceptions include the Sawtooth Range, Flattop Mountain, Front 
Range, Buck Mountain, Mount Zirkle, and a narrow strip along the conti- 
nental divide. Tongues of ice moved down the valleys to the east, reaching 


* Introduced by Wallace W. Atwood. 
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the lowlands of North Park but not extending far beyond the base of the 
range. On the west side of the mountains the ice reached to Hinman Park, 
beyond which outwash is scattered for many miles down the valley of Elk 
River. 

In addition to the Wisconsin ice, there is definite evidence of an older ice 
invasion dating probably to Durango time. The extent of these earlier 
glaciers is as yet only partially known. 

The stream erosional history of the Park Range includes three, and pos- 
sibly four, major cycles. The Flattop peneplain, identified in the Rocky 
Mountain National Park region by Lee and others, is well represented in the 
remarkably even crested summits of several mountains of the Park Range. 
(Proceedings, page 49.) 


TERRACES OF THE YELLOW RIVER, CHINA 


BY GEORGE B. BARBOUR 
(Abstract) 


Well-detined, matched terraces, which can be correlated with recognized 
physiographic stages, flank the Yellow River at points as much as 1,000 miles 
apart. They indicate a unity of history for the different reaches of the river, 
showing that it has kept essentially to the same course, at least since the 
close of the Pliocene period. Variations in elevation and character of the 
terraces from point to point can be correlated with locally operative factors, 
such as crustal movement. Apart from localized effects of this type, the 
major stages in land-surface evolution observable along the main channel 
accord with features found not only in basins tributary to the Yellow River 
system, but also in other North China regions having independent drainage 
directly into the sea. From their distribution, these terrace features must be 
due primarily to climatic controls rather than to shift of marine baselevel 
or crustal deformation. Wind accumulation marked two periods of aggrada- 
tion during which terrace-building material was deposited. Features con- 
nected with the more important Sanmen deposition in early Pleistocene times 
are discussed. (Proceedings, page 35.) 


GEOLOGY OF THE CENTRAL AND SOUTHERN PARTS OF THE WIND RIVER 
BASIN 


BY CLYDE MAX BAUER 
(Abstract) 


During Paleozoic time a succession of marine limestones and shales were laid 
down in the Wind River basin area in essentially parallel positions, despite 
intervening hiatuses. In the Mesozoic there were alternating marine and con- 
tinental deposits laid down, represented by sandstones and shales. In the 
Eocene and Oligocene, fossiliferous clays, sandstones, and tuffs and one bed of 
agglomerate were deposited under flood plain or playa conditions. 

The Wasatch (Wind River), Bridger (?), Uinta, and White River formations 
are described in detail. Their fossils, petrography, and structural relations are 
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discussed, and from these the following history is deduced: That great folding 
and some reverse faulting occurred following the Paleocené (Fort Union) and 
before the Lower Eocene (Wind River). Pronounced folding and faulting of 
the same character were repeated along the same lines of weakness after the 
Lower Eocene (Wind River) and before the Middle Eocene (Bridger 7). A 
period of quiet during Upper Eocene (Uinta) permitted the development of a 
broad plain (late Eocene peneplain). The beginning of the Oligocene is marked 
by local uplifts and extensive voleanism. Following the Oligocene (White 
River) there was great regional uplift accompanied by normal faulting. 

Since the area contains a fairly complete fossiliferous section of the Creta- 
ceous and early Tertiary strata with good exposures, it offers a key to the his- 
tory of the Middle Rocky Mountains and Yellowstone National Park. (Pro- 
ceedings, page 35.) 


GEOLOGY OF THE HOT SPRINGS DISTRICT, VIRGINIA 
BY ARTHUR BEVAN 
(Abstract) 


The Hot Springs district is in Bath and Alleghany counties in central- 
western Virginia. It has recently been topographically mapped on four 7%- 
minute quadrangles, having a scale of 1 : 24,000 and 20-foot contours. Most 
of the area is in the drainage basin of Jackson River, a tributary of the 
James. The altitude ranges from about 1,500 to more than 4,200 feet. 

The bedrock ranges from Beekmantown into Upper Devonian. Ordovician 
rocks include Nittany dolomite, Bellefonte, Murfreesboro, Mosheim, Lenoir, 
and Moccasin limestones, Martinsburg shale, and Juniata formation. Silurian 
rocks are Clinch (Tuscarora) sandstone, Cacapon formation, Keefer sand- 
stone, and Cayuga group. Devonian rocks include Helderberg group, Oriskany 
sandstone, Romney shale, Brallier shale, and Chemung formation. The thick- 
ness of the strata is probably between 6,000 and 10,000 feet. 

The structure is a series of pitching anticlines and synclines, in part over- 
turned toward the northwest. It is typical of the northwestern part of the 
Appalachian Valley and Ridge province. 

The resistant sandstones on the limbs of the anticlines have been truncated 
so as to produce a series of even-crested subparallel ridges at an altitude of 
about 3,000 feet. Lower partial peneplains are well developed. Warm 
Springs Valley is a typical anticlinal valley eroded on calcareous rocks. 
Numerous thermal springs occur in the region. (Proceedings, page 65.) 


GRANITES OF THE FRONT RANGE: THE LONGS PEAK-SAINT VRAIN 
BATHOLITH 


BY MARGARET FULLER BOOS AND C, MAYNARD BOOS 
(Abstract) 
Field studies in the Front Range of north central Colorado show a com- 
pound Pre-Cambrian batholith intruded into highly metamorphosed schists 


and gneisses of sedimentary origin. Outcrops cover more than 225 square 
miles in Boulder, Larimer, and Grand counties. 
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There are two main adjacent centers of intrusion, one widely exposed in 
the Saint Vrain valleys, and the other less completely unroofed in the Longs 
Peak-Estes Park area. These two main areas are one petrographically and 
structurally but are somewhat separated aerially by the ‘Twin Sisters-Roder- 
ick Hill wedge of schist. 

The compound batholith fingers out to the west and north by wide lit-par-lit 
injection into the schist along the continental divide and in the Mummy 
Mountains. The southern and southwestern contacts are abrupt against 
much older massive granites and extensive Tertiary intrusions. The eastern 
margin is partly covered by the overlapping younger sedimentary beds of 
the foothills but locally thins out into the steeply dipping layers of schist 
as wide dikes and sills, 

The granite resembles the Silver Plume type, with both coarse and fine- 
grained phases. Local distinct parallelism of the tabular feldspars seems 
centered about groups of stocks and cupolas, although there is a regional 
trend of the long axes over large areas. Heavy accessory minerals seem 
localized near schist pendants and remaining portions of the roof, but there 
is little mineral differentiation within the main mass of the batholith. (Pro- 
ceedings, page 49.) 


“IRON DIKE” 
BY MARGARET FULLER BOOS AND C. MAYNARD BOOS 
(Abstract) 


A notably persistent black to rusty-brown dike outcropping on the eastern 
slope of the Front Range in north central Colorado is known locally as the 
“iron dike.” It trends north twenty to thirty degrees from Boulder Canyon 
to Chapin creek, with one offset on Trail Ridge. The width varies from five 
feet at the southern end to 150 feet in the St. Vrain region. It dips to the 
northeast sixty to seventy degrees. Outcrops occur on most of the east-west 
highways. Aphophyses are rare but a single narrow dike of similar compo- 
sition parallels it locally. The “iron dike” parallels the northwest trending 
mineralized fault ‘dikes’ west of Boulder, described by T. S. Lovering, and 
the en echelon folds and faults of the foothills. 

The middle of the dike is medium coarse gabbro with labradorite, augite, 
magnetite, and biotite. Margins and dikelets are dense, horny, and much frac- 
tured. Feldspars are recrystallized and somewhat distorted, saggesting that, 
although the dike is clearly younger than the granites and schists which it 
intrudes, it is much older than the fresh, early Eocene porphyries which cut 
it. In most places the dike had little effect on the surrounding rocks. 

The schist on Trail Ridge near the dike contains masses of dense black 
magnetite, spotted with rosettes of sillimanite and pleonast. Locally these 
pitted and weathered lumps are called meteorites. They are probably the 
basic end products of the “iron dike” intrusion, fingered out into the schist. 
(Proceedings, page 49.) 
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SYSTEM, CaO-Fe0-Si02 
BY N. L, BOWEN, J. F. SCHAIRER, AND E. POSNJAK 
(Abstract) 


The equilibrium diagram of this system has been determined for those 
compositions of greatest interest to the petrologist and mineralogist, which 
include all compositions with a silica ratio equalling or exceeding the ortho- 
silicate ratio. Solid solution series are found of both orthosilicate and 
metasilicate composition. The latter are of particular interest inasmuch as 
there are two series. The one is stable at low temperatures and is of the 
hedenbergite type. The other is stable at higher temperatures and is of the 
wollastonite type. Full evidence of the continuous variation of optical prop- 
erties, lattice spacing, and thermodynamic properties of the solid solution 
series is available. The fact that hedenbergite is a low-temperature phase 
is of significance in connection with its natural occurrence. (Proceedings, page 
60.) 


STRATIGRAPHY AND FAUNA OF THE FUSON-CLOVERLY FORMATION IN 
MONTANA, WYOMING, AND SOUTH DAKOTA 


BY BARNUM BROWN 
(Abstract) 


During the past two years, expeditions from the American Museum of 
Natural History collected 14 dinosaur skeletons and located several others for 
future excavation in basal Cretaceous beds of southern Montana. 

This collection is of great importance as it represents a heretofore little known 
fauna, intermediate in age between the Jurassic and the Upper Cretaceous. 
Several new genera and species are represented but the faunal facies show a 
close relation to the Jurassic fauna. 

The specimens were collected in the Cloverly formation, and_ sufficient 
stratigraphic evidence was secured to correlate this formation definitely with 
the Fuson of the Black Hills region. In fact, the Jurassic and Lower Cre- 
taceous formation subdivisions around the Pryor and the Big Horn Moun- 
tains are identical in expression with those formations exposed around the 
Black Hills. 

Considering the close relationship of the Jurassic and the basal Cretaceous 
vertebrates and their dissimilarity to the Upper Cretaceous faunas, it would 
seem logical to make as the arbitrary line separating the great Mesozoic pe- 
riods, the entrance of marine conditions which marks the close of the Dakota. 
(Proceedings, page 48.) 

GLACIAL LAKES AND ICE MOVEMENTS IN MILLERS RIVER VALLEY, 
MASSACHUSETTS 
BY THOMAS C. BROWN 


(Abstract) 


Millers River is a westward flowing tributary -of the Connecticut, rising 
on the western side of the Wachusett-Watatic highland, and draining the 
northern part of the central highland of Massachusetts. Its valley lies trans- 


1 
j 
i 
| 
| 
i 
j 


TITLES AND ABSTRACTS OF PAPERS 75 


verse to the direction of movement of the Wisconsin ice. This valley, more- 
over, is of peculiar physiographic form, consisting of a series of broad, flat, 
level-floored areas in regions of easily weathered rock connected by narrow, 
deep, V-shaped portions through the intervening ridges of more resistant 
material. 

During the waning of the ice-sheet these narrow V-shaped portions of the 
valley were closed with ice and the broader areas were transformed into 
temporary lakes with outlets over the water-parting toward the south. The 
earliest temporary lake was developed around the eastern headwaters of the 
river; later lakes developed at progressively lower levels toward the west. 

These temporary lakes were largely narrow marginal bodies of water sur- 
rounding, or partially surrounding, masses or lobes of ice which filled the 
greater part of their basins. The outlets of the lakes were frequently 
through ice-walled channels in which deposits of sand and gravel accumu- 
lated. 

The terraces, eskers, and kames formed by the accumulation of sediments 
in these lakes and in their outlet channels show evidence of having been sub- 
jected to thrusts of measurable, though not great, magnitude. These thrusts 
seem to indicate pressure in various directions and in many cases could not 
be due to the normal southward movement of the ice-sheet. Could these 
thrusts be caused by the shrinking, cracking, freezing of water in the cracks, 
and later expansion of the stagnant ice masses in the lake basins? (Proceed- 
ings, page 47.) 


GEOLOGIC PROBLEMS OF THE BEARTOOTH-BIGHORN REGION 


BY WALTER H. BUCHER, W. T. THOM, JR., AND R. T. CHAMBERLIN 


(Abstract) 


The structural problems of a region are divisible into three categories: 
(1) those arising from type of structure and areal distribution of surface 
structural features; (2) those connected with possible transformations or 
variations of structure with depth; and (8) the problems of geochronology 
involved in the determination of the date and sequence of the several tectonic 
disturbances which have affected the region. 


PART I, Walter H. Bucher 


The two major ranges of this region and others adjoining it show asym- 
metrical profiles with local overthrusting on the steep side. In the Bighorns, 
and probably in the Beartooths, a central section of the range is steepened 
and overthrust eastward or northeastward, while in the distal sections the 
direction of apparent deformation is reversed. In each section the asymmetry 
is the same for all minor folds and thrust faults from one side of the range 
to the other. 

What is the nature of the deformation which produces this result? What 
is the manner of yielding in the crystalline rocks of the core which makes 
possible the sharp minor folds in the basal Cambrian and, above all, the local, 
lobe-like overthrusts? What determines the direction in which overturning 
and thrusting shall take place in a major uplift? (Directions observed: Big- 
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horn Mountains—central part, northeastward; northern and southern parts, 
southwestward; Beartooth Range—northwestern part, southwestward; south- 
eastern part, eastward and northeastward; Owl Creek Mountains—south- 
ward.) In which way have the three directions, or trends, been produced 
which dominate the structure in the Beartooth-Bighorn region (N. 25 W., N. 20 
E.. E.—W.)? More especially, what causes the straight borders and lines of 
flexure in these directions? What relations in structure and origin do the 
minor folds along the borders of the Bighorn Basin bear to the surrounding 
major uplifts? Wow do the structural features of the Beartooth-Bighorn 
region relate to the general tectonic pattern of the Rocky Mountain region, 
and how does the Heart Mountain thrust fit in this picture? By what process 
can such a plate of Paleozoic limestones be moved outward a score of miles 
into the basin without there being evidence of a major folded mountain 
behind it? Proceedings, page 34.) 


PART I1, W. T. Thom, Jr. 


Strong tectonic disturbances took place in the Beartooth-Bighorn region in 
pre-Cambrian time. Regional oscillations (of sealevel?) and general down- 
warping apparently occurred during the Paleozoic, and some folding during 
the Carboniferous. Warping and differential vertical movements occurred 
in the older Mesozoic, and the Laramide diastrophism began to be felt in 
the locality by early Colorado time and culminated in the Eocene. Notable 
mountain uplift seems to have occurred in the Eocene (and Oligocene?) and 
extensive intrusions and possibly considerable thrust faulting in the Mio- 
cene. Regional uplift of the whole area seems to have taken place rather 
recently, though the amount of such uplift may be less than has been sup- 
posed if the local high level erosion surfaces prove to be pediment surfaces 
rather than elevated peneplains, 

The extensive sequence of sedimentary, eruptive and intrusive rocks ex- 
posed in fhe area and the great variety of fossils obtainable will greatly aid 
in dating the various deformative episodes which may be recognized. (Pro- 
ceedings, page 34.) 


PART III, Rollin T. Chamberlin 


An attempt is being made to check gravity anomalies at carefully chosen 
stations by the densities of the underlying stratigraphic columns. Last sum- 
mer 44 stations were located, thirty-seven of which have been occupied by the 
Coast and Geodetic Survey, and the gravity anomalies obtained. Rock samples 
were collected from all formations from the Wasatch to the pre-Cambrian inclu- 
sive, and the specific gravities of these formations, water-saturated, have 
been determined. We seek the anomaly picture when allowance is made for 
the influence of surface-rock density. What is indicated as to the degree of 
isostatic adjustment and its nature? 

The three-dimensional form of the orographic blocks is needed for an under- 
standing of their mechanics. This involves a determination of whether the 
Bighorn and Beartooth ranges are, or are not, elevated wedges, as well as 
how thick the rotated crustal blocks of the Pryors may be. 
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Belts of oblique en echelon faulting and other structures seem to be sur- 
face expressions of movements along older structures in the basement rocks. 
The orientation and distribution of deep-lying planes of discontinuity or shear 
perhaps may be determined by seismographie and electrical methods. What 
caused and located the sharp punch-up domes occurring in the broad basins? 
The problem of the configuration of the crystalline floors of the major basins 
probably can be handled by seismographiec determination of the thickness of 
the sedimentary fill. Understanding of the tectonics of this’ area of significant 
diversified structure awaits systematic attack along these and other lines, 
(Proceedings, page 34.) 


CHAMBERSBURG (HARRISBURG) PENEPLAIN IN THE PIEDMONT OF MARYLAND 
AND PENNSYLVANIA 


BY MARIUS R. CAMPBELL 


(Abstract) 


In 1894 the writer proposed the term Harrisburg for a peneplain lying 
below the crests of the highest ridges of Pennsylvania. This name was 
selected because the peneplain seemed to correspond with the surface of the 
shale belt at Harrisburg, but later studies convinced him that here erosion 
has removed almost all traces of this peneplain and the name Harrisburg is 
inappropriate. The writer takes this occasion to withdraw that name and 
suggests instead the name Chambersburg, because the peneplain there is well 
preserved and its relation to other erosion surfaces is well shown, Recent 
work on the piedmont has thrown light on the southeastward extension of 
this peneplain. This evidence is found in the geologic structure which the 
writer has called the Westminster anticline, the surface of which is remark- 
ably smooth and bears the same relation to the Bryn Mawr gravel that the 
Chambersburg does at the type locality. The writer, therefore, believes that 
this peneplain forms the surface of the anticline, as well as its southern 
slope, and descends from an altitude of 1,100 feet on the axis to about 400 
feet on the fall line, where the evidence of extensive peneplanation is abun- 
dant. Here it coincides with the Bryn Mawr berm, The time from the comple- 
tion of the Chambersburg peneplain to the present, computed on the basis 
of the cutting of the Susquehanna gorge and using the time interval between 
the invasion of the illinoian ice-sheet and the present as unity, is about 
19,000,000 years. (Proceedings, page 35.) 


HAMILTON CATSKILL 
BY GEORGE HALCOTT CHADWICK 


(Abstract) 


The announcement a year ago that the (upper Devonian) Catskill red- 
beds deposition began in rocks older than the Portage has been abundantly 
verified by G. Arthur Cooper during the past field season. In the Hudson 
valley the original Cafskill beds are found to extend from lower Hamilton 
into the Portage, and more of them are middle Devonian (Hamilton) than 
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I had supposed. None here is as late as the Chemung. Moreover, instead 
of the lower half of the red-beds being the Oneonta, as distinguished from 
an upper “restricted Catskill” half, the true Oneonta, corresponding to the 
Ithaca formation in age, it is proved to belong far up on the mountains, in 
the middle or upper part of the original, typical Catskill. Since the name 
Kiskatom has been elsewhere employed for the Hamilton reds, this name 
will replace “Oneonta” as generally understood in the Catskill front, while 
Oneonta will here replace ‘‘Catskill” as usually limited, except perhaps at 
the extreme top. 

The Ithaca having been recently proved by Charles E. Fralich to be lower- 
most Portage (the “Sherburne” being upper Genesee) we are being driven 
continually farther from the old intrenched correlations; but the changes 
while apparently of large magnitude, introduce no conflict with dip measure- 
ments in these long distances. 

It begins to look as though type Portage (Nunda) and type Chemung may 
prove identical, as some long ago surmised, bringing worse confusion ’* of 
nomenclature. (Proceedings, page 46.) 


FURTHER EVIDENCE REGARDING THE AGE OF THE AURIFEROUS GRAVELS 
BY RALPH W. CHANEY 
(Abstract) 


The gold-bearing gravels on the west flank of the Sierra Nevada have been 
considered of Miocene age on the basis of fossil plants. Recent collections 
indicate that the age of these gravels ranges from Eocene to Pleistocene. 
The fossil floras include species which are of common occurrence elsewhere 
in the Tertiary of western America, and which indicate the same climatic 
sequence as has been observed in the Tertiary on both sides of the Pacific. 
Associated mammalian remains corroborate the age reference of the later 
gravels in which they occur. (Proceedings, page 46.) 


STRUCTURE OF THE ROCKY MOUNTAINS OF NORTHWESTERN MONTANA 
BY CHARLES H. CLAPP 
(Abstract) 


In northwestern Montana northeasterly dipping rocks are repeated in suc- 
cessive fault blocks formed by longitudinal thrust faults dipping northeast 
more steeply than the rocks, The front ranges are synclinal and are sharply 
limited by the eroded fault scarp of the Lewis Overthrust. East of the Lewis 
Overthrust a number of parallel longitudinal thrust faults, dipping steeply 
to the southwest, produce a series of thin fault blocks. The southwesterly 
dipping thrust and overthrust faults are convex to the northeast, and the 
northeasterly dipping thrust faults are convex to the southwest. Both sets 
of longitudinal faults are broken by transverse faults, one set having an east- 
west trend and the other a north-south trend, and by still younger longitudinal 
normal faults. 

Mountain-building forces, acting from the southwest, first uplifted and 
folded the rocks, then broke them along the steeply dipping thrust faults to 
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form a series of downward-pointing wedges. Deformation continued to such 
an extent that relief came by overtbrusting the elevated deformed rocks to 
the east onto the weak rocks of the Great Plains region. It further appears 
as if the two sets of transverse faults were a secondary effect of elongation 
to the northwest and southeast when it was easier for the rocks to move 
horizontally than to be uplifted higher. The later normal faults appear to 
have resulted from vertical pressures as the compressive forces lessened. 
(Proceedings, page 48.) ‘ 


STRUCTURE AND STRATIGRAPHY OF THE APPALACHIANS OF SOUTHERN 
QUEBEC* 
BY T. H. CLARK 
(Abstract) 


The area here considered is a strip of territory 75 miles wide, north of 
and adjacent to the international boundary, and includes the Lacolle, Sutton, 
and Memphremagog sheets. The foreland, west of the frontal thrust of the 
Appalachians, consists of standard Cambrian and Ordovician formations. 
The frontal thrust (Logan’s Line) crosses the border close to Missisquoi Bay 
and runs irregularly N. 20° E. The rocks of the mountain belt to the east, 
within the Lacolle and Sutton sheets, are divided by thrusts into a number 
of slices named, in order from west to east, the Philipsburg, Granby, Rosen- 
berg, and Oak Hill slices. The Lower Cambrian beds of the last named 
rest upon chlorite schist. East of the chlorite schist, and separated from it 
by an underthrust, is a wide area of low grade metamorphic sediments, com- 
posing the Sutton Mountains, in part albitized, and, in part at least, identi- 
fiable with the beds of the Oak Hill slice. Eastwards, in the Memphremagog 
sheet, these Sutton Mountain schists grade into the Cambrian and Ordovician 
slates of both sides of Lake Memphremagog. 

The first folding of this area followed the deposition of the Ordovician 
slates, and was responsible for the thrusting further west. Upon the subse- 
quently eroded surface thick basic lavas were extruded. Further erosion 
prepared the way for an invasion of the sea in which Silurian sediments, 
beginning with a basal conglomerate, were accumulated, probably followed 
by Devonian. A second period of folding developed closed but not overturned 
folds in these mid-Paleozoic strata, and was accompanied by the intrusion 
of the Stanstead granodiorite. (Proceedings, page 48.) 


SIERRA NEVADA BATHOLITHS AND THE MOTHER LODE 
BY ERNST CLOOS 
(Abstract) 


Two structural sections were made across the Sierra Nevada in California 
at Yosemite and at Donner Pass, using “Granit-tectonic” methods. 


*Published with the permission of the Director, Geological Survey of Canada, Depart- 
ment of Mines, Ottawa. 
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The Yosemite section shows that the large intrusive body between Mono 
Lake and the Mother Lode is composed of a number of smaller bodies, petro- 
graphically and structurally independent, partly separated by septa of meta- 
morphosed sediments. The section suggests that the “Batholith” is exposed 
at a low level. 

The Donner Pass section shows larger septa and smaller intrusive bodies, 
which are further apart. The level of this section is believed to be higher. 

A newly compiled map shows three distinct groups of intrusions: an east- 
ern “Batholith,” east of the Sierra Nevada fault scarp; a central or main 
body, and a northwestern one, all separated by large metamorphic septa, or 
wide zones of folded sediments, 

The southern part of the Mother Lode system shows westward upthrusts 
and a northwestward trend. The northern part bends towards the north 
because the central “Batholith” plunges north and the northwestern one 
rises, leaving a belt of sediments between them, ‘The system is less pro- 
nounced in the north because it is crowded between two large igneous masses 
which are approximately at equal level. Both east and west thrusts were 
observed between the two intrusive bodies. 

The eastern “Batholith” plunges north like the central main body but dis- 
appears much sooner on account of its position within the sunken block east 
of the fault scarp. (Proceedings, page 49.) 


ATTEMPT TO ZONE THE NORTH AMERICAN JURASSIC ON THE BASIS OF 
ITS BRACHIOPODS 


BY C. H. CRICKMAY 
(Abstract) 


Twenty new species of Jurassic brachiopods are described, nineteen being 
from California and one from the Rocky Mountains. As far as possible the 
thirteen species of North American Jurassic brachiopods already known are 
critically examined as to their genetic relationships and their ages. 

All thirty-three species are brought together in chronological order in order 
that they may be used henceforth as guide fossils. North American Jurassic 
brachiopods may serve well for this purpose since they are distinctive in 
character and short lived as species. (Proceedings, page 64.) 


MOUNT JURA INVESTIGATION 


BY C. H. CRICKMAY 


(Abstract) 


The first complete Jurassic column in North America is established at 
Mount Jura, California. The study includes the structure of Mount Jura; 
hence bears upon the structure of the Sierra Nevada and, in a small measure, 
upon that of the Cordillera. , 
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Mount Jura is found to consist of the following epigene formations: 


Upper Jurassic: Combe sandstone 
Trail tuffs and conglomerates 
Lucky S argillite 
Cooks Canyon agglomerate 
Forman argillite 
North Ridge agglomerate 
Hinchman arkose 

Middle Jurassic: Hull agglomerate 
Moonshine conglomerate 
Morman sandstone 
Thompson red shale 
Fant voleanics 
Hardgrave tuff 

Lower Jurassic: Lilac argillite 

Lower Triassic: Volcanics 

(Proceedings, page 64.) 


GLACIAL AND RECENT HISTORY OF THE BLACK RIVER VALLEY, VERMONT 
BY IRVING B. CROSBY 
(Abstract) 


The Black River Valley in Vermont gives a good illustration of the effect 
of normal glacial retreat in a region of rugged topography where the main 
valley is transverse to the direction of ice retreat. A glacial lake was formed 
in the middle of the valley and stood at successively lower levels as the ice 
melted back and exposed lower outlets. Features which have been inter- 
preted elsewhere as incompatible with normal retreat are shown to be the 
result of normal retreat over rugged topography. The glacial lake of the 
Connecticut Valley extended a dozen miles up the Black River Valley which 
was filled with sediments to the lake level. 

The last chapter in the geology of the valley occurred in the flood of 1927 
when the river, taking advantage of a peculiar situation, cut a deep gulch 
in a few hours and attempted to regain its preglacial course but was frus- 
trated by man. (Proceedings, page 49.) 


RELATION OF THE DRUMLINS TO THE GLACIAL CLAY OF THE BOSTON BASIN 
BY IRVING B. CROSBY 


(Abstract) 


The drumlins of the Boston Basin have been considered by some as older 
than the glacial clay and by others as younger than the clay. According to the 
latter interpretation some of the clay would be older than the last glaciation. 
Numerous boring records and excavations show, however, that in many cases 
the drumlins have a core of bedrock and that the clay overlaps the bases of 
many of the drumlins. It is concluded that most, if not all, of the drumlins 
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in the Boston Basin were formed prior to the deposition of the clay and that 
most, if not all, of the clay was deposited at the close of the last glaciation. 
(Proceedings, page 49.) 


GLACIAL MARGINAL SHORES AND THE MARINE LIMIT IN MASSACHUSETTS 
BY IRVING B. CROSBY AND RICHARD J, LOUGEE 


(Abstract) 


Elevated beaches, bars, spits, and deltas mark the level of the late-glacial 
ocean on the Massachusetts coast north of Boston, and increase in elevation 
northward, due to the tilted condition of the land. The marine limit, the 
highest level reached by the sea, has previously been studied and located, but 
the marginal shore, which is marked by pro-glacial deltas and records the 
sealevel at successive positions of the ice margin, has heretofore received 
little attention. In the present study these two features have been differ- 
entiated. Profiles of these shores indicate little or no tilting of the land 
while the ice was retreating from Boston Bay to beyond the New Hamp- 
shire border, and no net rise of sealevel during the latter part of this period, 
with the result that the marine limit, at least in the northern part of the 
area, is identical with or only slightly higher than the marginal shore. Dur- 
ing this period, however, melt-water from the ice-sheets was returning to the 
ocean, and the lack of rise of sealevel indicates that the increase of ocean 
waters was counteracted by some cause, possibly a suboceanic crustal sinking. 
(Proceedings, page 47.) 


GEOLOGICAL MAP OF TEXAS 


BY N. H. DARTON 
(Abstract) 


There will be exhibited a geologic map of Texas recently issued by the 
United States Geological Survey for criticism by local geologists. The eastern 
part was prepared by Miss Julia Gardner, the Upper Cretaceous of the Fast- 
Central area by L. W. Stephenson, and the Lower Cretaceous and older 
formations by N. H. Darton. 

Many published and manuscript data were used, and large areas were 
mapped in suitable detail for the scale which is about 8 miles to the inch. 
The map was issued with boundary lines and letter symbols only, and circu- 
lated among geologists in or near Texas who might be able to supply cor- 
rections or betterments. It is not intended for general distribution, but the 
revised map is in preparation and will be published in colors within a year 
or two. 

The speaker will review some of the problems of classification of forma- 
tions in the western part of the State and point out some general relations 
of structure and distribution. (Proceedings, page 35.) 
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WORK OF SHEETFLOODS 
BY W. M. DAVIS 


(Abstract) 


Repeated excursions in the Mohave Desert region of southeastern California 
during the past year have given opportunity of studying the work of sheet- 
floods and have led to the conclusion that they do practically no lateral ero- 
sion but are, in addition to their work of transportation, of importance 
chiefly in determining the slope of the surface offered to them by back-wear- 
ing subaerial degradation essentially in the manner analyzed by Lawson 
(1915) ; also, to the conclusion that where valleys in desert mountains open 
in the form of fan-bays between narrowing spurs, the bays are not the work 
of lateral erosion by the valley streams, but of back-wearing degradation on 
the spur sides, whereby the space between the spurs assumes the form of a 
rock fan overspread with sheetflood detritus. (Proceedings, page 35.) 

STRUCTURE OF THE TERTIARY FORMATIONS OF MARYLAND 
EY LINCOLN DRYDEN* 
(Abstract) 

The Eocene and Miocene beds of Maryland have been regarded as simple 
plane sheets imbricated southeastward, Detailed study of key horizons shows 
that subsequently there has been developed a broad anticline whose north- 
south trending axis passes about 10 miles east of Washington, D. C. This 
structure has been followed for 40 miles, from the Potomac River to near 
Washington. It plunges to the south and is masked by erosion to the north. 
(Proceedings, page 49.) 

STRUCTURE AND PHYSIOGRAPHY OF THE SOUTHERN WASATCH MOUNTAINS, 
UTAH 


BY A. J. EARDLEY + 


(Abstract) 


The Laramide revolution and the Basin and Range deformation were chiefly 
responsible for the existence and structure of the southern Wasatch Mountains, 
The first disturbance resulted in a great overturned fold and thrust fault. The 
thrust fault occurred at the base of the overturned flank of the fold and has a 
horizontal displacement of about one mile. The total crustal shortening of the 
fold and the fault together is calculated to be about 13 miles. The overriding 
block moved from west to east. 

Three erosion surfaces older than the present one but younger than the 
Laramide revolution are recognized, the first pre-dating the deposition of the 
Lower Eocene Wasatch conglomerate and having a relief of, at least, 10,000 
feet ; the second pre-dating the Pliocene (?) volcanism and having a relief of 
about 7,000 feet, and the third predating the initiation of the block-faulting and 
having a relief of 3,500 feet. 


* Introduced by E. W. Berry. 
+ Introduced by W. H. Hobbs. 
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The block-faulting began at the close of the Tertiary and has continued to the 
present time. The total displacement is about 6,000 feet, all but 100 feet of 
which transpired before the older glaciation (Iowan?) of the Wasatch Moun- 
tains. The fault-planes dip about 56° to the west. The larger, westward 
flowing streams maintained their courses across the rising and tilting fault- 
blocks by cutting deep gorges through them. (Proceedings, page 49.) 


SUBSURFACE DEVONIAN AND SILURIAN SECTIONS ACROSS NORTHERN 
PENNSYLVANIA AND SOUTHERN NEW YORK* 


BY CHARLES R. FETTKE 
(Abstract) 


The area covered includes a strip 150 miles long and 40 miles wide along 
the Pennsylvania-New York line between the Allegheny: and Susquehanna 
rivers in which deep drilling for natural gas in recent years has made it pos- 
sible to construct a sub-surface stratigraphic cross-section on which the major 
as well as many of the minor subdivisions of the Devonian and Silurian sys- 
tems can be shown. 

The Oriskany horizon, the objective of most of the recent drilling, is repre- 
sented by a stratum of medium-grained, light gray quartz sandstone which is 
fairly continuous over the eastern portion of the area but becomes lenticular 
in the western part. This sandstone has been recognized in well cuttings as 
far west as Guernsey and Harrison counties, Ohio, and southwest as far as 
Roane County, West Virginia. (Proceedings, page 63.) 


MAP SHOWING THE SEISMIC EPICENTERS, SONIC SOUNDING, AND GRAVITY 
STATIONS 1N THE WEST INDIES AND CONTIGUOUS AREAS 


BY R. M. FIELD 
(Abstract) 


The program of structural studies in the West Indies includes the use of 
geophysical methods. The International Expeditions of 1929 and 1932 have 
supplied some 5,000 miles of sonic soundings; 20 gravity determination on 
land, and 45 stations at sea. At the request of the Director of the recent 
expeditions, the Hydrographic Office of the United States Navy, in collabora- 
tion with the United States Coast and Geodetic Survey, has compiled a geo- 
physical chart of the West Indies and contiguous areas which shows all the 
gravity data now available, as well as all known seismic epicenters and their 
frequencies. Preliminary copies of this chart were issued and distributed last 
October. Final corrected copies will be ready for distribution at the Boston 
meeting of the Society. 

Suggestions as to the interpretation of the geophysical data have already 
been offered by F. Vening Meinesz and by Harry Hess. These suggestions, 
together with others, will be reviewed, and future plans (which call for the 


* Published by permission of the State Geologist of Pennsylvania. 
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determination of a number of gravity stations in Cuba—a seismic survey of 
one or more of the islands in the Bahama group—and a sonic sounding 
survey of the Bartlett Trough) will be cutlined. (Proceedings, page 68.) 


BOREHOLE IN THE BAHAMAS 
BY R. M. FIELD AND H. H. HESS 
(Abstract) 


A hole was drilled near the south shore of New Providence Island, six 
miles from the nearest deep water, thus avoiding any talus deposit built out 
from the edge of the reef. It reached a depth of 395 feet, with 200 feet of 
core recovered. 

Oolitic limestone occurs at the surface. Alternating beds of slightly 
cemented, calcareous sand, and porous, Cavernous limestone or dolomite are 
found for practically the entire depth drilled. The last fifteen feet are in a 
massive, compact buff-colored dolomite. Molds of shells are numerous 
throughout the core, but the shells themselves have been completely dissolved. 
These molds were studied by H. A, Pilsbry. 

Kight chemical analyses of the core were made by A. II. Phillips. The 
upper part of the score is remarkably pure limestone. Below 150 feet an 
abrupt change to dolomite occurs. 

The purpose of the hole was to collect data on the following problems: 

(1) The origin of certain types of limestone. 

(2) Dolomitization. 

(8) The geologic history of the Bahamas. 

(4) Relation of the calcareous rocks to the nearby submerged river valleys. 
(Proceedings, page 64.) 


LATE-PLEISTOCENE SEQUENCE IN THE CONNECTICUT VALLEY 


BY RICHARD FLINT 
(Abstraci) 


The 60-mile segment of the Connecticut Valley that lies between Green- 
field, Mass., and Hartford, Conn., is characterized by three categories of late- 
Pleistocene stratified deposits: (1) gravels and sands built as terraces of 
accumulation at the margins of wasting residual ice; (2) thick varved clays, 
laid down in an open lake of later date than (1); (3) fluvial veneers on ter- 
races of erosion, cut after the lake disappeared. Of four hypotheses of lake 
origin considered, the following seems best to meet the facts: That the lake 
was formed by a dam of stratified drift, reinforced at first by residual ice, 
at the Rocky Hill narrows southeast of Hartford. That the lake surface 
was controlled by a spillway consisting of a long channel cut in bedrock at 
New Britain, southwest of Hartford. 

The lake endured long, but was finally drained, possibly by erosional breach- 
ing of the dam. The post-lake Connecticut River, consequent on the exposed 
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lake floor, locally assumed a course across bedrock west of its preglacial 
course, and elsewhere terraced the pre-lake and lake deposits as it cut down 
to its present profile. (Proceedings, page 48.) 


COMPLEX DIABASIC INTRUSIONS CAUSING LOCAL CONTACT FUSION 
BY RICHARD E, FULLER 
(Abstract) 


In eastern Oregon, near Watson, the Owyhee Valley exposes three diabasic 
intrusions cutting an extensive series of rather massive, acidic tuffs and a 
few intercalated, acidic flows. The intrusions caused various types of fractur- 
ing and faulting. At the contact, the tuffs have usually been broken into 
elongate blocks by the advance of the basic intrusive along angular lines of 
fracture, which, as a rule, are roughly parallel to the contact and show little 
or no relation to the bedding of the tuffs even when it is well defined. Where 
these blocks occur nearer to the center of the intrusive mass, they are sinu- 
ous in outline and, at the same time, indurated to a dark aphanitic rock. 

Within a few inches from the contact, the light colored tuffs locally grade 
into a minutely contorted rock which extends as apophyses into the diabase. 
The uniformity in the chemical composition of the altered and unaltered 
facies suggests that the process was optalic and therefore attributable to the 
fact that the vitreous tuff, when melted, would have had a lower point of 
fusion than that of the basic intrusion. (Proceedings, page 60.) 


CONTACT METAMORPHISM OF THE SLATES OF MINNESOTA BY GRANITE AND 
BY GABBRO MAGMAS* 


BY FRANK F. GROUT 
(Abstract) 


Two slate formations in Minnesota are widely exposed and, where un- 
altered, are fairly constant in composition. They have been intruded by 
several granites and syenites, and by the Duluth gabbro. The silicic and 
basic magmas produced different and characteristic contact effects, schists 
near the granite, and hornfels near the gabbro. The factors of contact action 
are reviewed. It seems probable that three are particularly involved in the 
differences noted in this study; namely, granite magmas are cooler, more 
hydrous, and more often accompanied by stress than the gabbro magmas. 
It is suggested that the many granite magmas may be of mushy consistency 
when intruded, but the gabbros show less sign of such a state. (Proceedings, 
page 46.) 


CAMBRIAN OOLITIC HEMATITE IN THE REAGAN SANDSTONE OF OKLAHOMA 
BY ALBERT 0. HAYES 
(Abstract) 


A fossil-bearing ferruginous o@dlite, 20 feet thick, forms an integral part 
of the basal 75 feet of the Reagan sandstone, and lies on a granite porphyry. 
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The ferruginous zone outcrops northeast of the Wichita Mountains, six miles 
north of Medicine Park. 

The spherules, about half a millimeter in diameter, have an onion-like 
structure consisting of alternate concentric layers of hematite and a green 
iron silicate resembling chamosite. They are similar to those of the Wabana 
iron ore of Newfoundland of Ordovician age. Recrystallized hematite with 
some magnetic iron mineral occurs interstitially between the sand grains 
and spherules and sparingly within the spherules. 

At Torbrooke, Nova Scotia, a similar Devonian oolite is intruded by 
granite, and the hematite and iron silicate are metamorphosed to magnetite, 
both in the spherules and in the matrix to about half a mile from the contact. 

The absence of metamorphic magnetite in the spherules of the Reagan 
oolite is difficult to explain if the conclusion published by Clyde M. Becker 
in 1930 is correct; i. e., that the Wichita uplift was caused by the intrusive 
rocks with metamorphism of the Reagan sandstone. The opinions of Joseph 
A. Taff, in 1904, and Malvin F. Hoffman, in 1930, that the Wichita intrusives 
are pre-Reagan in age, are supported by the apparent lack of complete meta- 
morphism of the primary iron-bearing minerals. (Proceedings, page 60.) 


ORIGIN OF THE BLUE RIDGE ESCARPMENT 
BY DOUGLAS JOHNSON 
(Abstract) 


Profile studies of the Appalachians enable one to trace the former extent 
of the Triassic provinces far beyond the present remnants of Triassic rocks. 
In southeastern New York stripping away of the Triassic beds has in places 
revealed a pre-Triassic peneplane, bordered on the northwest by the extension 
of the Ramapo Mountain fault-line scarp. Further stripping in the New 
Jersey-New York area would reveal a form developed on the underlying 
erystallines, similar to that exhibited by the “Westminster Anticline” of the 
Maryland-Virginia region. This suggests that the latter may not be a product 
of folding, but may mark the intersection of an earlier (pre-Triassic) pene- 
plane with a later (Tertiary) peneplane. If this be correct, and if the 
Triassic basin in the south were terminated on the west by a monoclinal 
flexure, just as further north it is terminated by a fault, then removal of the 
Triassic cover and dissection of the flexed crystalline floor would account 
for certain elements of Blue Ridge topography otherwise difficult to explain. 
This working hypothesis is favored by some elements of Appalachian topog- 
raphy, but certain structural features, as, for example, steep dips in preserved 
remnants of the Triassic where more gentle dips are called for, seem opposed 
to the suggested interpretation. Whether apparent structural anomalies can 
be harmonized with the hypothesis or must be considered fatal to it, remains 
to lhe determined. (Proceedings, page 35.) 


*Published by permission of the Director of the Minnesota Geological Survey. 
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STRUCTURAL HISTORY OF THE FRACTURE SYSTEMS AT GRASS VALLEY, 
CALIFORNIA 


BY W. D. JOHNSTON, JR., AND ERNST CLOOS 
(Abstract) 


A small granodiorite intrusion, five miles long and half a mile to two 
miles wide, on the western slope of the Sierra Nevada Mountains offers 
unusual opportunity for structural study because of the extensive mine work- 
ings which penetrate it to a vertical depth of 3,700 feet beneath the surface, 
and follow vein-fractures underground for more than two miles along their 
strike. 

The exposed granodiorite body is the relative small cupola of a greater in- 
trusive mass where the static magma, in cooling, passed from a state of 
viscosity to one of rigidity without great internal differential movement. 

With few exceptions the veins are parallel to the intrusive contact at the 
horizon in which they enter the granodiorite, and the principal veins dip into 
the intrusive at an average angle of 35 degrees. They are believed to occupy 
primary fractures developed as a result of stresses imposed by the intrusive 
itself, although afterward they served for the adjustment of regional stresses. 

A series of vertical or steeply dipping fractures, locally called “crossings,” 
strike in the northeast quadrant. These belong to a regional joint system of 
wide and persistent development in the Sierra Nevada. Many of the cross- 
ings are occupied by basic and aplitic dikes, indicating their early age. 

Both fracture systems were developed soon after the solidification of the 
granodiorite and before the last of the complementary dike magmas were 
exhausted. Later, the vein fractures were opened and filling began. Many 
generations of quartz indicate that the veins were repeatedly reopened during 
this latter stage. (Proceedings, page 48.) 


PLEISTOCENE GRAVELS OF IOWA 
BY GEORGE F, KAY AND PAUL T. MILLER 


(Abstract) 


The distributions, characteristics, relationships, origins, and ages of the 
sands and gravels have been determined in the light of the most recent in- 
vestigations and interpretations of Pleistocene deposits of Iowa and adjacent 
States. 

The Nebraskan, Kansan, Illinoian, Iowan, and Wisconsin ice-sheets left 
sands and gravels as part of their depositional record. After deposition and 
before burial by younger drift, sands and gravels were oxidized and leached 
to depths varying with their locations, the duration of the interval of weather- 
ing, and other factors. During interglacial ages, streams deposited in their 
valleys sands and gravels, the residual product of erosion of drift. 

The sands and gravels are (1) lenslike and irregular masses deposited 
within the driftsheets, and kamelike knobs on drift surfaces; (2) outwash 
valley terraces of Iowan and Wisconsin ages; (3) interglacial valley terraces 
along streams which dissected the Kansan drift during the Loveland interval ; 
and (4) lacustrine deposits in “Extinct Lake Calvin.” 
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Many samples of sands and gravels were collected and studied in the 
laboratory. From the sizes, shapes, and lithologic analyses of the materials 
it was hoped that criteria could be found for differentiating the ages of 
gravels of the same type, but negative results were obtained. The variable 
conditions under which accumulation, transportation, and deposition took 
place, and the introduction of local material, render impossible the use of 
laboratory methods alone for correlation of these deposits. (Proceedings, 


page 48.) 
OROGENY OF MAINE GRANITES 
BY ARTHUR KEITH 
(Abstract) 


From southern Maine granites extend eastward into New Brunswick in 
two belts, one paralleled by another belt in Nova Scotia, and southward. 
Intrusives range from plugs, one quarter of a mile wide, to batholiths 140 
miles long and 20 miles wide. The smaller masses tend to rounded outlines. 
They consist mostly of massive biotite granites, and tend in the smaller 
bodies to form porphyritic facies. Syenite, monzonite, diorite, and some more 
basic intrusives, develop locally. One or all facies may appear in one mass, 
but generally there is an enormous preponderance of biotite granite. 

Contact metamorphism is moderate, usually addition of andalusite, stauro- 
lite, and micas. Pegmatization is common near extensive granites, which, 
themselves, are notably not metamorphosed. 

Volcanic rocks, mainly Devonian rhyolite and metabasalt, with perhaps 
some Silurian metadiabase, surround the general granitic periphery. In 
places, the intrusives cut the Devonian volcanics. In the Narragansett, 
Worcester, and Portland basins, biotite granite cuts the Carboniferous, and 
extends for long distances. 

The granites form a blunt, wedge-shaped tract (its northern border be- 
tween latitude 46° and 47°, its western border near longitude 73°), which 
crosses the entire Appalachian system and reaches Montreal. Intrusive 
magma makes no such advance elsewhere in the Appalachians. 

The granitic wedge axis coincides strikingly with the Vermont structural 
salient of maximum thrusting: correspondingly, granites recede in the New 
York and Cape Breton recesses, thus indicating community of origin. 

Continuity, strong family resemblance, nonmetamorphism, and known Car- 
honiferous Age in several localities, indicate granites of substantially the 
same age and general magmatic sources. (Proceedings, page 48.) 


DESERT MOUNTAINS OF EROSION 
BY CHARLES KEYES 
(Abstract) 


Zuni Mountain, in northwestern New Mexico, appears to be the finest fault- 
block imaginable, a perfect and most satisfactory example of the Gilbertian 
hypothesis of Basin Range structure, the only elevation of the type ever 
revealed in which the normal fault blocking out the mountain is actually 
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seen. It is, however, a faulted and tilted block that owes its present-day 
profile not so much to recent movement, if any, as to effects of erosion in the 
course of regional depletion, being unearthed during the present cycle of 
erosion. Its sculpturing is not that of a recently highly uplifted crustal 
block but the sum total of repeated carvings and planations. Today, it is an 
old, once buried monadnock now being brought to light. The last notable fault 
movement is unquestionably pre-Tertic in date. Present-cycle erosion so vastly 
outstrips any fault movement of the same time that the latter is altogether 
negligible. Tilted fault-block Zuni certainly is, but its present-day aspect is a 
result of differential erosion. The mountain grows relatively taller as the 
weak rocks around it weather away. Faulted Zuni Mountain thus appears to 
be a Desert range which owes its being to erosion, to deflation largely, perhaps, 
rather than to rain or stream-corrasion. (Proceedings, page 48.) 


PERMIAN STRATIGRAPHY IN TRANS-PECOS TEXAS* 
BY PHILIP B. KING 
(Abstract) 


During Permian time an embayment of the sea extended into Trans-Pecos 
Texas from the southwest. The faunas which lived here were first made 
known in detail by G. H. Girty in 1908, in his monograph on the Guadalupian 
fauna. Most of Girty’s fossils were obtained in the upper part of the suc- 
cession, in the upper Delaware Mountain formation and the Capitan limestone, 
and were shown by him to be of different facies from other known faunas 
in the American Carboniferous. Lower members of the succession, which 
have been discovered in other parts of the province since the time of Girty’s 
work, indicate that the higher faunas are partly migrants from other regions 
and partly the end product of a sequence of development from the better known 
faunas of Pennsylvania time. The faunas of Guadalupian type are not, how- 
ever, entirely of time significance, for they are confined to rocks of distinctive 
lithologic character which are sharply limited geographically. These rocks 
intergrade laterally with strata of different lithology and faunas. 

A large amount of information on the stratigraphy and paleontology of the 
Permian series in this region is now available, and is reviewed in this paper. 
The complex conditions of sedimentation and their influence on the faunas is 
discussed, in order to show the means by which a uniform system of strati- 
graphic terminology may be evolved for the entire province. (Proceedings, 
page 64.) 


ANIAKCHAK AND VENIAMINOF VOLCANOES, ALASKA 
BY RUSSELL S. KNAPPEN 
(Abstract) 


The Alaskan peninsula and the Aleutian Islands constitute a young, rising 
mountain range, marked by many active volcanoes. Two of the world’s 
largest craters are located on the peninsula. 


* Published by permission of the Director, United States Geological Survey. 
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Aniakehak is a cone 20 miles in diameter, with a crater 6 miles wide and 
3,000 feet deep. Nine small volcanoes or cinder cones, the largest 1.5 miles in 
diameter and 2,200 feet high, have recently been active on the crater floor. 

For almost half its circumference, the main crater wall consists of Jurassic 
sediments, covered at the rim by a thin veneer of lava flows and volcanic 
fragmental materials. Roughly bedded breccias and tuffs, with minor inter- 
bedded flows, form the remainder. 

Originally, the voleano may have greatly exceeded its present height, but 
this has not been proved. Surface flows on the crater rim show that lava 
once rose at least 4,000 feet above sealevel and the surrounding plain. 

Valleys on all flanks of the volcano have been severely glaciated, and ap- 
parently beheaded. A similar situation at Crater Lake, Oregon, has been 
interpreted as proof that the volcano collapsed into the crater. The proof is 
incomplete as to Aniakchak, but evidence available indicates the crater had 
assumed approximately its present form before glaciation. 

The peak of Aniakchak was not blown away after glaciation. An explosion 
would have filled some of the glaciated valleys, and buried the polished and 
seratched surfaces. Probably the crater was filled with ice. Glaciers drained 
the ice-field in several directions and scoured out the existing valleys. 

Southwest of Aniakchak, there is another gigantic voleano, Veniaminof, 
8,200 feet high, 35 miles in approximate diameter and with a crater 5.5 miles 
wide, occupied by an ice and snow field. Three glaciers drain this ice-field 
to the northwest, northeast and southeast. Typical glacial valleys are being 
eroded on the flanks of the volcano. If the glaciers melted, the mountain 
would show apparent beheaded valleys, such as characterize Crater Lake 
and Aniakchak. 

Both volcanoes have been active within the past 40 years. A cinder cone 
within the ice-field of Veniaminof was in violent eruption in 1892, darkening 
the sky and destroying property at Chignik, 36 miles east of Veniaminof. 
Aniakchak was reported active in 1931 and 19382 by Bernard R. Hubbard. 
(Proceedings, page 35.) 


DISSECTED PEDIMENTS IN THE MAGDALENA DISTRICT, NEW MEXICO 
BY A. H. KOSCHMANN AND G. F. LOUGHLIN 
(Abstract) 


The Magdalena district is in the southeast part of the Basin and Range 
province of New Mexico. It includes the north end of the Magdalena Range 
and Granite Mountain, which consist of tilted and faulted sedimentary rocks 
of Carboniferous age and volcanic rocks of Tertiary age, on a pre-Cambrian 
basement. 

The Magdalena Range and Granite Mountain are bounded on the east and 
on the west by extensive plains which, in large part, have been found to be 
pediments covered by a veneer or alluvium. The foothills and lower slopes 
on the west side of Magdalena Range include many flat and gently westward 
sloping spurs and benches which are interpreted as remnants of older, dis- 
sected pediments. The more abundant and better defined benches are grouped 
at six different levels. Others at still higher levels may also represent old 
pediments, but are too few to be convincing. 
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Faulting is extensive, but no appreciable amount of faulting has taken 
place recently enough to account for any of the better defined benches. The 
dissection of the pediments is attributed to the general lowering of the Mag- 
dalena Plain, due to the tapping of its drainage lines by San Lorenzo and 
La Jenze creeks, which are tributary to the Rio Grande. The development of 
the different stages of erosion, marked by the rock benches, is probably related 
to the varying rates at which these streams cut their ways downward through 
the volcanic flows and tuffs that lie east and northeast of the Magdalena 
Range. (Proceedings, page 35.) 


WEATHERING OF THE MEDFORD DIABASE 
BY ALFRED C, LANE AND A. WOLF 
(Abstract) 


This weathering has been made classic by the study of George P. Merrill 
in “Rocks, Rock Weathering and Soil.” The question whether it was before 
or since the last ice invasion has been disputed. Recent pertinent nearby 
exposures within two miles of Cambridge have shown: fresh till enclosing 
diabase pebbles in various stages of decomposition; fresh till overlying deeply 
disintegrated reddened diabase; in one place a glacially striated surface on 
partly disintegrated diabase, and down from this surface a white weather 
coating not over a centimeter deep, of a different character from the deeper 
weathering. An exposed Medford diabase erratic not badly weathered is on the 
top of Pine Hill—the diabase as a building stone has not badly weathered in 
more than fifty years. An invitation was extended to visit some of these ex- 
posures. (Proceedings, page 60.) 


ORIGIN OF THE SCHISTS AND GRANITE OF THE WACHUSETT-COLDBROOK 
TUNNEL, MASSACHUSETTS 


BY ESPER S, LARSEN AND FREDERICK K. MORRIS 
(Abstract) 


The Wachusett-Coldbrook water tunnel in central Massachusetts exposes a 
section of rocks 14.2 miles long. The rocks are chiefly metamorphosed sedi- 
ments of pre-Triassic age- which lie, for the most part, nearly horizontally. 
They are recrystallized in the western portion of the tunnel to coarsely 
crystalline schists of a high-temperature facies and have a_ prominent 
schistosity, which is parallel to the bedding. They are, in most places, asso- 
ciated with pods and lenses of pegmatite. A body of Fitchburg granite, 
nearly 9,000 feet across, “intrudes” the schists and retains a relict structure 
of the schists. 

We believe that the schists have been recrystallized, with considerable 
changes in composition, by hot solutions from below. The schistosity was 
controlled largely by the bedding, possibly aided by the moderate load of 
overlying rocks. 

As the solutions continued to penetrate through the schists, they furnished 
the heat and changed the composition until lenses and pods of pegmatite 
magma were formed. Where the supply of solutions was sufficient the whole 
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mass of the schists was taken into solution in this way, leaving only a small 
amount of biotite to give the relict structure to the Fitchburg granite. Only 
locally did the granite magma move as an ordinary intrusive granite. (Pro- 
ceedings, page 60.) 


ROTATED FAULTS IN THE DESERT RANGE, SOUTHERN NEVADA 
BY CHESTER R. LONGWELL 
(Abstract) 


Numerous old faults of the “normal” type in southern Nevada have excep- 
tionally low dips. Such faults are best exhibited in the Desert Range, in 
the Las Vegas quadrangle. Viewed superficially, the range appears to be a 
simple tilted block; strata, ranging in age from Cambrian to Devonian, with 
a total thickness of 20,000 feet, are inclined eastward with an average dip of 
50°. The structure is complicated by several large strike faults that dip 
westward and displace the strata downward to the west. The steepest of 
these faults dips 25°; most of them have an average dip of about 15°, and 
one is horizontal over a large area. Stratigraphic displacements vary from 
500 to 4,000 feet. 

If the strata were tilted back to the horizontal position, the faults would 
then be ordinary “normal” faults with westward dips ranging from 50° to 
70°. The full history of the faults involves several larger structural features. 
(Proceedings, page 64.) 


THRUST FAULTS OF PECULIAR TYPE 


BY CHESTER R. LONGWELL 


(Abstract) 


In each of the large thrusts studied in southern Nevada, strata in the over- 
riding block are parallel to the thrust surface. Some thrusts are nearly 
horizontal over distances of several miles; others have dips ranging up to 
50°. One of the steeper faults has been traced downward to a horizontal 
bedding fault, on which a section of strong rocks was pushed forward over 
weak shales. Some of the steeper faults flatten also as they are traced 
upward, until they coincide with the pre-faulting erosion surface. 

It is probable that each thrust originated as a horizontal bedding fault. 
Under horizontal compression the upper part of the sedimentary section 
buckled and was sheared across, permitting the hanging-wall block to ride 
forward over the land surface. A thrust of this type has flat forward and 
rearward parts and a much steeper intermediate portion. In every section 
the strata of the hanging-wall block are parallel to the fault surface, except 
where local deformation complicates the structure. 

Several great thrusts in other regions probably belong to this type. (Pro- 


ceedings, page 48.) 
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METEORITE SCARS IN THE CAROLINAS 
BY F, A. MELTON AND WILLIAM SCHRIEVER 
(Abstract) 


More than 1,500 shallow depressions, elliptical in shape and varying in 
diameter from a few hundred feet to more than two miles, are known to 
exist on the Atlantic coastal plain. An aerial mosaic map made by the Fair- 
child Aerial Surveys first revealed the more significant aspects of these 
features in Horry County, South Carolina. Additional photographs, aerial 
reconnaissance, and a careful field examination furnish the following data: 

The extent of the territory in which these depressions occur is approx- 
imately 40,000 square miles (between Norfolk, Virginia, and the Savannah 
River). There is a striking elliptical shape which is consistent throughout, 
the degree of ellipticity increasing with the size of the feature. The long 
axes of all the depressions thus far seen are parallel northwest-southeast 
lines. Encirecling rims of soil, in some cases several concentric rims, are 
invariably higher on the southeastern end. Intersection frequently occurs 
but the integrity of outline of either a large or a small depression is main- 
tained. The geological evidence indicates that the features are younger than 
the Waccamaw formation and older than the Pamlico terrace, the ages of 
which are respectively Pliocene and late Pleistocene. 

The known geological processes were carefully considered but none was 
thought adequate as an explanation of these unusual depressions. A hypo- 
thesis involving impact by a globular meteoric cluster 400 miles in diameter 
seems to account for the existent surface conditions in a qualitative manner. 


(Proceedings, page 45.) 


TRIASSIC INFLUENCES ON APPALACHIAN DRAINAGE 


BY HOWARD A. MEYERHOFF AND ELIZABETH W. OLMSTED 
(Abstract) 


Field studies of the Reading prong and Triassic lowland in New York, 
New Jersey, and Pennsylvania reveal the southeastern front of the former 
as an active fault scarp in Newark time. Well defined alluvial fans and 
cones are represented in the Triassic sediments, marking with moderate 
precision the positions of streams which emerged from the faulted highland. 
Interledded coarse and fine materials suggest recurrent displacements, and 
abundant Paleozoic fragments show that the Paleozoic cover had not been 
extensively removed from the surface of the prong. In addition to structural 
offsets, the present pre-Cambrian front is characterized by triangular re- 
entrants of fluvial origin, filled by younger and usually finer grained beds 
of Triassic alluvium. 

Many of the larger streams now emerging from the prong enter the low- 
land at the sites of late Triassic fluvial aggradation. Locally, where con- 
glomerates are present and modern streams are missing, comparatively recent 
piracy is indicated by windgap systems. To pass from folded Paleozoics to 


See 
4 
4 
af 
& 


TITLES AND ABSTRACTS OF PAPERS 95 


lowland, rivers like the Delaware and Schuylkill utilize belts of structural 
or lithologic weakness. The relations between geologic features and modern 
drainage suggest: 

(1) That the drainage acquired its southeastern orientation during late 
Triassic time, some of it perhaps earlier. 

(2) That the majority of the streams originally developed subsequent 
courses, utilizing faults and folds, chiefly in Paleozoic rocks; removal of the 
latter caused superposition on the pre-Cambrian base. 

(8) That the correlation between modern and late Triassic drainage is too 
close to have been acquired by fortuitous superposition from an overlapping 


coastal plain. (Proceedings, page 35.) 


STRATIGRAPHIC CLASSIFICATION OF PENNSYLVANIAN AND PERMIAN BEDS 
IN THE MID-CONTINENT REGION 


BY RAYMOND C. MOORE 
(Abstract) 


The Pennsylvanian and Permian strata of the Mid-Continent region consist 
of alternating shale, limestone, and sandstone units, some of which are re- 
stricted, but others are extremely persistent horizontally. Regional thicken- 
ing and increase of clastic sediments occur toward the southern Oklahoma- 
Arkansas geosyncline. Previous stratigraphic classifications are largely local 
in application and, in part, are highly artificial. This paper discusses prin- 
ciples that should govern stratigraphic classification and nomenclature of these 
rocks ; proposes recognition of major divisions (termed series) that are based 
on evidence of regional diastrophism, interruption in sedimentation, and paleon- 
tologic changes; and advocates use of a flexible system of hyphenated strati- 
graphic terms to accomodate nomenclature to lateral changes. The relation 
of observed cyclic sedimentation to problems of nomenclature is considered. 


(Proceedings, page 46.) 


DISSIPATION OF THE WISCONSIN GLACIER IN MAINE 
BY EDWARD H. PERKINS 
(Abstract) 


A highway materials survey of Maine has resulted in obtaining a great 
deal of new information concerning the glacial geology of the state. One 
problem studied has been the method by which the ice left the state. Two 
possibilities have been kept in mind, the older view of a recession of the 
ice front northward, and the newer theory of stagnation and dissipation in 
place. 

The older view is favored by some features. Wash plains end on their 
northward margin in till ridges, kame belts, or in ice contact slopes, and 
occur in belts parallel to the present coast. Gaps through northeast-south- 
west ridges have fans or deltas to the south. Eskers often show a series of 
recessional deltas from the south to the north. 
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The stagnation theory, on the other hand, is favored by evidence that large 
areas were covered with stagnant ice wasting from the border inward. Kame 
terraces in many places mark halts in the recession of the ice borders. Some 
of these stagnant masses may have lingered during the marine epoch follow- 
ing the melting of the ice, as large areas are found completely lacking in 
marine clays although surrounded by such deposits at higher levels. Many 
Maine lakes probably are gigantic kettles. 

The evidence indicates that the Wisconsin ice front receded northward 
during its period of dissipation but large detached masses were left behind, 
producing the features which seem to indicate stagnation. (Proceedings, page 
47.) 

EXTINCT LAKE SAN AUGUSTIN, NEW MEXICO 
BY WILLIAM E. POWERS * 
(Abstract) 


During the Pleistocene period a lake existed in the basin in western New 
Mexico known as the Plains of San Augustin. Lake San Augustin has left a 
series of strong beach features that indicate a depth of about 165 feet and a 
length of more than 30 miles at the highest lake stage. There was no outlet, 
and the lake levels were controlled by evaporation and underground seepage. 
The attitude of the beaches indicates no differential earth movements here 
later than the highest stage of the lake, and the relation of the beaches to the 
large alluvial fans surrounding the basin shows that these fans are mainly 
older than Lake San Augustin. (Proceedings, page 35.) 


NOTES ON THE PHYSIOGRAPHY OF CUMBERLAND GAP 
BY JOHN L. RICH 
(Abstract) 


The even ridge crest of Cumberland Mountain, through which Cumberland 
Gap is cut, lies about 200 feet lower west of the gap than east of it. A fault, 
with up-throw on the east to an amount of the same order as the discrepancy 
in the height of the ridge crests, passes through the gap and is probably re- 
lated to, if not continuous with, a fault having up-throw on the same side, 
which forms the cliffs of Rocky Face a few miles to the north. The problem 
arises whether the faulting has displaced the Cumberland peneplain since 
its formation. Such an interpretation is strengthened by conditions reported 
by Ashley and Glenn immediately to the north, where the drainage of the 
Middlesboro basin seems to have been ponded by relatively recent movement 
on the fault at Rocky Face. 

The fault caused intense shattering of the rocks at Cumberland Gap. 
Differential erosion of these shattered rocks may well account for the gap 
without the necessity of assuming the former presence of a stream through 
the gap. (Proceedings, page 35.) 
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* Introduced by Kirk Bryan. 
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ROCK RESISTANCE AND INTERFLUVIAL DEGRADATION AS DOMINANT 
FACTORS IN GEOMORPHOLOGY 


BY JOHN L. RICH 
(Abstract) 


Interfluvial degradation by sheet wash, creep, and solution, as compared 
with stream: erosion, deserves more emphasis as a geomorphic factor than it 
has commonly received. In regions where rock resistance is not uniform, 
the topography is the product of an etching process guided mainly by rock 
resistance and accomplished mainly by the agencies of interfluvial degrada- 
tion. Streams remove the eroded material and their graded beds furnish a 
base toward which the interfluvial agencies work. Critical slopes for inter- 
fluvial degradation, stream spacing, and available relief are all bound to- 
gether as factors which tend toward conformity of summit levels without 
the necessity for significant halts in erosion or for peneplanation. Under the 
control of critical slopes and their correlative stream spacings, an uplifted 
plain can be dissected and degraded while always keeping an essentially even 
sky line; narrow belts of steeply dipping resistant rocks tend to attain and 
retain even crests, and escarpments tend to retreat with uniform or con- 
stantly decreasing height while retaining an even sky line. (Proceedings, 
page 64.) 


HYDROGRAPHIC DATA AND THEIR EVALUATION 
BY G. T. RUDE * 
(Abstract) 


Because of lack of detailed hydrographic surveys, early nautical charts 
were constructed from incomplete data, generally of a reconnaissance nature. 
Detailed surveys for revised charts of an area may indicate extensive changes 
unless the charts are critically evaluated from an intimate knowledge of the 
factors involved in their production. 

Again, with the aid of a few hundred soundings and with an artist’s imagina- 
tion, bathymetric charts, entirely misleading for geologic interpretations, are 
sometimes constructed ; yet the appearance of the chart may indicate that it 
fills fully the geologist’s needs. The charting of the area later from adequate 
surveys forcibly illustrates the necessity of a knowledge of the basic data. 

Limitations of basic data are not always recognized by the scientist in his 
interpretation of charts. It is the purpose of this paper to illustrate the order 
of accuracy of various methods of hydrographic surveying and to suggest a 
guiding procedure to the evaluation of data used in chart construction. (Pro- 
ceedings, page 35.) 


PALEOZOIC PLANKTONIC FAUNAS 
BY RUDOLF RUEDEMANN 
(Abstract) 


The study and collecting of graptolites has gradually led to the accumu- 
lation of a strange assemblage of forms that are only found associated with 


* Introduced by Richard M. Field. 
VII—Bvuti, Grou. Soc. AM., Vou. 44, 1933 


98 PROCEEDINGS OF THE CAMBRIDGE MEETING 


the graptolites as rare finds in the pure graptolite shale. Like the graptolites 
themselves that have been recognized to have belonged to the plankton these 
fossils (small sponges, cnidarians, brachiopods with horny valves, annelids, 
a few molluscs, numerous crustaceans) that do not occur in other beds are 
also planktonic in habitat. It is concluded that these organisms lived for the 
most part like graptolites as pseudoplankton attached to the seaweeds of a 
sargasso-sea. A study of the distribution leads to the recognition of Paleo- 
zoic sargasso-seas both east and west of North America in the corresponding 
oceans and to the corollary of the existence of these oceans in Paleozoic 
time. Other planktonic organisms of the Paleozoic beds of America and the 
formations with planktonic faunas are also discussed. (Proceedings, page 44.) 


SARGASSO-SEAS IN PALEOZOIC TIME 
BY RUDOLF RUEDEMANN 
(Abstract) 


Most marine faunas found in the rocks are composed of bottom dwellers of 
epicontinental seas. This condition prevails to such an extent that planktonic 
faunas and planktonic stragglers occurring occasionally in the neritic associa- 
tions have not been recognized as such, and as a result our knowledge of the 
pelagic plankton of the Paleozoic age is practically nil. 

The graptolite-faunas are strictly separated from all others as a separate 
facies, both in the containing rock (black shales) and the constitution of the 
fossil assemblage. Typical black graptolite-shales indicate deposition in 
fouled bottoms where lack of circulation and the absence of oxygen produced 
unfavorable conditions for living organisms. 

The graptolites became planktonic animals par excellence since they took 
to the floating sea-weeds and finally became independent. The writer’s studies 
have shown that the graptolite distribution in the marginal geosynclines and 
the epicontinental seas leaves no doubt of the existence of sargasso-seas in 
Paleozoic time, in at least two basins of oceanic order of magnitude, corre- 
sponding to the North Atlantic and Pacific oceans. These were sufficiently 
separated to develop distinct planktonic faunas. 

The pure graptolite shales afford, at rare intervals, minute fossils. These 
consist of small sea anemones, sponges, thin-shelled primitive brachiopods, 
strange worms, and peculiar crustaceans. The aspect of this faunule is identi- 
cally that of the one living today in the floating sargassum or gulf weed, ex- 
cepting the fishes. 

The fossils of planktonic aspect in the Paleozoic faunas of North America, 
and the formations with such biota have been studied. (Proceedings, page 64.) 


ALPINE LAND FORMS OF THE WESTERN UNITED STATES 
BY RICHARD JOEL RUSSELL 
(Abstract) 


Denudational processes and forms of regions above the cold timber lines in 
the western United States are strikingly different from those of lower eleva- 
tions in similar latitudes. Only to a limited degree is this contrast of glacial 
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origin. Of greater consequence is development under climatic conditions in 
many respects similar to those of the subarctic tundra. The processes of the 
familiar erosion cycle are to a large extent replaced by solifluction, alti- 
planation, nivation, and frost action. Solifluction slopes and altiplanation 
terraces are dominant surface features. Nivation depressions are numerous 
and are of several types, their differences being due chiefly to contrasts in 
slope gradients and to variations in persistence of snow cover. Valley clog- 
ging, with concomitant drainage modifications, is the ordinary expression of 
erosion overwhelmed by solifluctional transportation. Numerous minor forms, 
including polygonboden, complete the contrast between alpine surfaces and 
those of lower elevations. Glacial forms not in immediate association with 
glaciers are today out of equilibrium with environmental conditions and are 
therefore being erased by existing aiphine processes. Nivation cirques, for 
example, have in many cases considerably modified glacial cirques. Several 
of the forms due to nivation, frost action, or solifluction may be mistaken 
quite readily for features of glacial origin and some, especially altiplanation 
terraces, may be confused with similar forms of an entirely different origin 
and so lead to erroneous conclusions in regard to orogenic history. (Proceed- 
ings, page 25.) 


CANYONS OFF THE NEW ENGLAND COAST 
BY FRANCIS P. SHEPARD 
(Abstract) 


Last summer canyons of immense proportions were discovered in the con- 
tinental slope off Georges Bank. Up to date 200 miles of this submarine 
slope has been sounded by the United States Coast and Geodetic Survey, 
revealing seven major canyons incised to depths of from 2,500 to over 4,000 
feet below their surroundings and 24 additional canyons each incised as much 
as 1,000 feet. The larger canyons at least bear striking resemblance to such 
land canyons as those cut into the various escarpments of the southwestern 
United States. They have, in common, precipitous walls, narrow bases, 
sinuous courses, dendritic tributaries, and, in general, the sea canyons have 
the continuously outward sloping floors characterizing land canyons. 

It has been suggested that marine currents are the cause of submarine 
valleys, but the bottoms of these valleys have been found to contain clay, 
silt, and ooze, none of which could be deposited if powerful marine currents 
were operating. It seems probable that the canyons were cut by rivers at a 
time when the continental margin was elevated at least a mile and a half 
above its present level. There are reasons for believing that the canyons 
were submerged before the glacial period and were filled with sediment, 
partly glacial outwash from the ice front which stood somewhere on Georges 
Bank. The canyons were probably reopened in post glacial time by great 
landslides, which are thought to be extending the valleys further into the 
continental shelf whenever there is a large earthquake which will start the 
fine sediment in motion. (Proceedings, page 68.) 
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ORIGIN OF GEORGES BANK 
BY F. P. SHEPARD, J. R. TREFETHEN AND G. V. COHEE 
(Abstract) 


teorges Bank is one of a series of fishing banks extending discontinuously 
along the outer portion of the continental shelf from Cape Cod to the Grand 
Banks, each bank forming a threshold across one of the deep basins which 
characterize this portion of the shelf. A recent recharting of Georges Bank 
has made it possible to develop new interpretations concerning its origin. 

It is probable that the irregular shoals extending along the north margin 
of the bank represent a terminal moraine of the ice-sheet, reshaped by strong 
tidal currents. The surface of the bank probably contains nothing but sand 
and gravel, but anchor flukes have penetrated this material and brought up 
glacial till from beneath. Outside of the hummocky shoals the bottom slopes 
smoothly to the edge of the continental shelf. It is also covered with sand 
and gravel, but the gravel decreases outward, and to the southwest the sand 
becomes much finer. It is believed that this outer zone has been built up by 
outwash from the glaciers which stood on the northern portion of the bank. 

An escarpment to the north of the shoals is probably the result of glacia- 
tion being formed partly by glacial erosion and partly as an ice contact 
slope. Evidence for the latter is found on land, the escarpment being trace- 
able around to the outer slope of Cape Cod. Despite this evidence of glacia- 
tion Georges Bank may be fundamentally a cuesta, as suggested by D. W. 
Johnson, perhaps initiated by stream erosion, but now greatly modified by 
glaciation. (Proceedings, page 35.) 


LATE MESOZOIC AND EARLY TERTIARY IN PATAGONIA 
BY GEORGE GAYLORD SIMPSON 
(Abstract) 


A brief review of the stratigraphic results of the Searritt Patagonian expedi- 
tion is given. The general sequence of rocks in central Patagonia includes 
two marine invasions, one of lesser extent and Senonian Age, the other very 
widespread and late Oligocene or Lower Miocene. Between these is a thick 
terrestrial series, mainly sandstone and clay below, and ash and bentonite 
above. The predominately volcanic series contains four successive mammalian 
faunas, the limits of which are now more exactly defined than previously. The 
lower series, hitherto believed Cretaceous, is complex, and its upper portion, 
at least, is Tertiary. In it was found the oldest known South American 
mammals. The supposed crustal deformation at the end of the Cretaceous in 
this region does not exist, the major movement being mid-Tertiary. The 
Cretaceous-Tertiary boundary, incorrectly placed by previous workers, is not 
yet established at a single plane, but its approximate location is known, and 
the Mesozoic and Tertiary faunas do not intergrade. (Proceedings, page 63. 
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SILURIAN SECTIONS NEAR MOUNT UNION, CENTRAL PENNSYLVANIA 


BY FRANK MC KIM SWARTZ 
(Abstract) 


Sections near Mount Union and Lewistown are described, illustrating the 
stratigraphy of the Silurian deposits of central Pennsylvania. As in western 
Maryland, the Silurian includes the Tuscarora sandstone, Clinton group, in- 
cluding Rose Hill shale, Keefer sandstone, and Rochester shale, McKenzie 
shale and limestone, Bloomsburg red shale, Wills Creek shale, and Tonoloway 
limestone. The name Howard sandstone member is proposed for red and green 
beds at the top of the Tuscarora sandstone, and this member may represent the 
bulk of the Albion group of western New York. Many faunal zones, based 
chiefly on ostracodes, are recognized in the Rose Hill, Keefer, Rochester, and 
McKenzie formations, and provide precise correlations with corresponding 
horizons in western Maryland. Neither the lithologic nor faunal evidence 
favors uniting the upper Rose Hill, Keefer, and Rochester in the Lakemont 
formation, as has been proposed by some authors. A thick tongue of red shale 
occurring in the middle of the McKenzie at Mount Union thickens northeast- 
ward to Lewistown, where it unites with the main body of the Bloomsburg red 
shale, while similar tongues in the Wills Creek increase in number and volume. 
The relations of the Wills Creek and Tonoloway of the region to the equivalent 
deposits in Maryland will also be discussed. (Proceedings, page 64.) 


SIERRA MAESTRA OF CUBA; PART OF THE NORTHERN RIM OF THE 
BARTLETT TROUGH 


BY STEPHEN TABER 


(Abstract) 


The structure of the northern rim of the Bartlett Trough, where exposed 
in the Sierra Maestra of southern Cuba, is dominated by east-west faults, 
which have resulted in the formation of fault-block ridges so young that 
they show only minor modification by erosion. 

Stratified rocks, mostly Eocene in age, were cut by intrusives, tilted north- 
westerly, beveled by erosion, and, in places, covered with Miocene marls and 
limestones. After extensive peneplanation, faulting began in late Pliocene 
or early Pleistocene and has continued through Recent time, the faults 
cutting obliquely across the strike of the stratified rocks. In the west, the 
uplift has been accompanied by northward tilting, with the formation of 
terraced cliffs along the south coast, and rejuvenation of streams on the back 
slope of the fault blocks, but in the east little tilting has occurred. The Pliocene 
peneplane and the coastal terraces are warped by differential uplift. 

Downfaulting of the Bartlett Trough has been accompanied by uplift of 
the south coast of Cuba, and the evidence indicates that this uplift, in Recent 
time, has been due to vertical rather than to horizontal forces. (Proceedings, 


page 48.) 
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MAKING OF ARCUATE MOUNTAIN RANGES OF ASIA 
BY FRANK BURSLEY TAYLOR 
(Abstract) 


Suess pictured the making of arcuate mountain ranges in Asia in general 
terms, saying in substance that they were produced by the southward creep- 
ing of part of the crust sheet. The writer believes Suess’ explanation, expanded 
and developed in some detail, has much greater value than geologists in general 
suppose. Currents of flow in the relatively deep, viscous part of the crust move 
southward in sul parallel lines, and form arcuate mountain ranges where they 
turn upward and emerge, with more or less radial spreading from their central 
axes, at or near the southern margin of the continent. 

Wegener's assumption that Asia and Australia drifted westward is based 
mainly on a theoretical concept and not on tangible evidence. The known 
facts ef observation are against a westward drifting movement in either of 
these continents. Wegener ignores the meaning of two important facts: (1) 
great tension effect in the north polar region (deep Arctic basin) and the 
direct correlation of this feature with (2) great compression effects in the 
south (arcuate Himalaya range and festoon arcs). These two sets of facts are 
believed to be respectively proximal and distal synchronous products of one 
simple, southward movement of the continent. The arcuate ranges, the fore- 
’ deeps, and the are-seas were all derived wholly from that movement. This 
Z explanation needs no shrinkage of the earth, no subsidence of ocean floors. It 
: relies entirely on tidal and rotational forces. (Proceedings, page 63.) 


STRATIGRAPHY AND TECTONICS OF THE PROTEROZOIC FORMATIONS IN THE 
SOUTHERN PART OF CENTRAL SIBERIA 
BY A. N. TCHURAKOV * 
(Abstract) 


The area described in this report comprises the mountain massifs of the 
Kuznetsk Alatau Range, the Western Sayan, and the western part of the 
Eastern Sayan Range, also the Minusinsk basin located within these mountain 
massifs. During the Proterozoic eva the Proterozoic deposits of this region 
passed through three orogenic cycles, one voleanic cycle, and four erosion 
intervals. The upper part of these deposits was laid down during the glacia- 
tion of a continent thus far not discovered. For the upper Cambrian epoch in 
this region the author establishes a new orogenic cycle—the Salairian oro- 
genesis. (Proceedings, page 49.) 


TRACES OF PROTEROZOIC GLACIATION IN THE SOUTHERN PART OF 
CENTRAL SIBERIA 
BY A. N. TCHURAKOV * 
(Abstract) 


Pebbles and fragments of foreign rocks in Proterozoic deposits of the south- 
ern part of Middle Siberia are described. These foreign rocks represent the 


*Introduced by V. A. Obruchey. 
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materials spread by the icebergs over the bottom of the Proterozoic sea, 
covering an area of about a quarter of a million square kilometers. The land 
from the surface of which the glacier descended is not yet ascertained. 

Also described are the siliceous shales in the Proterozoic deposits which are 
genetically connected with the phenomena of glaciation. The siliceous shales 
represent either diatomaceous (?) ooze or sediments of colloidal silica, de- 
posited in cold waters. 

The glaciation recently discovered by T. G. Nikolaev in the northern part of 
Middle Siberia must be regarded as Proterozoic and not as Lower Cambrian. 

The traces of glacial phenomena may be taken as a basis for the correlation 
of the pre-Cambrian deposits, laying stress upon the fact that the marine 
traces of glaciation have incomparably more importance than the continental 
ones. (Proceedings, page 49.) 


DISCOVERY OF UPPER CRETACEOUS FAUNA IN THE ASPHALT RIDGE, UTAH 
BY I. P. TOLMACHOFF 
(Abstract) 


Asphalt Ridge contains beds of bitumen-saturated sandstone, most, and 
perhaps all, of which were considered of Eocene age although a few of them 
may also belong to the Mesaverde formation of the Cretaceous. This forma- 
tion was supposed to underlie the Eocene (Uinta formation) from the north- 
east, being separated from it by an unconformity. 

The Carnegie Museum expedition of 1932 (Burke, Kay, Tolmachoff) dis- 
covered in the sandstone, under the upper asphalt bed, marine fossils 
(Placenticeras meeki, Leptosolen conradi, Anatina dineata, Cymella_ bella, 
Yoldia evansi a. 0.) which correlate this sandstone with the Upper Cretaceous 
(Mesaverde formation). It arouses also the question about the Eocene age 
of bituminous sandstones of the Asphalt Ridge in general. (Proceedings, page 


64.) 
SILVER-LEAD TUNGSTEN MINERALIZATION AT SILVER MINE, MISSOURI* 
RY CARL TOLMAN 
(Abstract) 


Silver Mine, in Madison County, Missouri, first worked for silver, but later 
a producer of tungsten, shows a type of mineralization unique in the Mis- 
sissippi valley. The area is situated in that region of pre-Cambrian rocks 
constituting the apex of the Ozark dome and known as the St. Francois 
Mountains. The veins cut felsites, granite, and younger basic dikes. The 
topaz greisen associated with the veins is a distinctive feature of the mineral- 
ization. Quartz, with small amounts of fluorite and sericite mica, are the 
principal gangue minerals. Argentiferous galena and wolframite constitute 
the ore minerals. Other common metallic minerals are pyrite, arsenopyrite, 
sphalerite, and chalcopyrite. Cassiterite, zinnwaldite, scheelite, chlorite, 
damourite mica, stolzite, and ferritungstite are also found. 


*Published with the permission of the State Geologist of Missouri. 
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The presence of cassiterite is significant in confirming the close relation 
of the mineralization to that of tin veins. Chlorite, which is followed in the 
mineral sequence by sphalerite, chalcopyrite, galena, damourite mica, the 
supergene oxidized minerals, and some quartz, appears to mark the transition 
in the deposition of a mineral assemblage generally considered to be pneuma- 
tolytic to one characteristic of hydrothermal conditions. The pegmatitic 
stage, noted in many tin-tungsten veins, is not appreciably developed at 
Silver Mine. 

The mineralization is considered of pre-Cambrian age but does not appear 
genetically related to any of the igneous rocks so far recognized in the area. It 
is unrelated to the granite in which some of the veins are found because the 
veins also cut the distinctly later series of regionally distributed basic dikes. 
(Proceedings, page 64.) 


PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE SEDIMENTS OF LAKE 
MENDOTA, A FRESH-WATER LAKE OF WISCONSIN, AND A PRELIMINARY 
SURVEY OF THE MICROFLORA WITH SPECIAL REFERENCE TO THE 
PRECIPITATION OF CALCIUM CARBONATE 


W. H. TWENHOFEL, FRED T. WILLIAMS, AND ELIZABETH MC COY 
(Abstract) 


Lake Mendota, Wisconsin, is a fresh-water lake fed by springs and two small 
streams neither contributing much clastic sediment. Sediments attaining dep- 
osition over the lake bottom are generally derived from the shore, the atmos- 
phere, and solution. Bottom sediments consist of black oozes, rich in organic 
matter, having the consistency of water at the top and gradually passing down- 
ward into a firm deposit. These oozes have a maximum thickness of one or 
more feet. Firm deposits beneath the oozes are dark-colored at the top but 
with depth gradually change to gray or white. The sediments have been 
studied from two points of view: (1) Physical and chemical characteristics, 
and (2) work of the contained micro-organisms. Mr. Twenhofel is responsible 
for the first line of study, and Mr. Williams and Miss McCoy for the second. 

Physically, except for a few hundred feet from the shore, the sediments are 
extremely fine-grained. Three grades have been determined: Diameters greater 
than 1/32 mm., between 1/32 and 1/128 mm., and less than 1/128 mm. Few 
particles, except in the immediate vicinity of the shore, exceed 1/16 mm. in 
diameter. 

The oozes, on one trasverse, range in calcium carbonate content from about 
15 per cent in 24 feet of water to 45 per cent in 61 feet. Sediments immedi- 
ately beneath the oozes have a range in calcium carbonate content from 13 
per cent in 24 feet of water to 84 per cent in 42 feet. Most cores range around 
60 per cent. On another traverse, the range in calcium and magnesium ¢ar- 
bonates is from 49 to 68 per cent, most cores showing around 60 per cent. With 
one exception, cores contain more carbonate at the top than at the bottom. 
Calcium carbonate exists in the forms of calcite and aragonite with a little 
magnesium carbonate. 

Preliminary survey of the microflora in the bottom sediments shows most 
groups of soil organisms represented in the deep water-muds, Total numbers 
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of aerobic and facultative bacteria, as determined by the plate-count, range 
from 70,000 per gm. (dry basis) at the bottom of cores, to 5,000,000 per gm. at 
the top. Metabolism of these bacteria involves many complex reactions by 
which organic materials within the mud are broken down, and often inorganic 
precipitates form as a side reaction. Many aerobic and facultative bacteria 
have been found, and several isolated, that will precipitate calcium carbonate 
on artificial media containing either organic or inorganic calcium salts. Quan- 
titative analyses have been made of the calcium precipitated through bacterial 
activity in liquid media at different pH values and temperatures of incubation 
(10° and 28° C.). No fixed relation between precipitation and final pH of a 
culture was noted, since positive precipitation occurred between pH 7.2 and 
9.4. Although present in the original artificial media, no phosphates were 
found in the precipitates. Carbonate precipitation by pure cultures has also 
been demonstrated on solid media prepared with mud extract without addi- 
tional calcium. Crystals thus precipitated in different media were examined 
microscopically, and an impure form of calcite is indicated. (Proceedings, 


page 60.) 
SIMPSON GROUP OF OKLAHOMA 
BY E. 0. ULRICH 


(Abstract) 

The upper part of the group includes a widely distributed and clearly dis- 
tinguishable stratigraphic unit of formational rank, previously neglected. 
The name, Cool Creek formation, is applied to this new unit. The Falls 
formation is an older unit than the McLish: the former is confined mainly 
to the southwest half of the Arbuckle uplift, and the latter to the northeast 
half, the two formations occurring one above the other, in a few intermediate 
localities. The author gives reasons for the retention of the previously 
published term, Criner formation. 

A critical review and reclassification of the beds or zones in the seven 
sections of Simpson deposits, published by C. E. Decker in June, 1931, is 
presented. 

Each of the eight Simpson formations is placed in its proper position in 
the sequence of North American Ordovician marine deposits. The results of 
comparison with formations of similar ages in states bordered by the Missis- 
sippi and in the Appalachian Valley, which have supplied all the Ordovician 
units hitherto used in building up the standard sequence, indicate (1) that 
the combined volume of the Joins and Oil Creek formations required a longer 
time for deposition than did the Lower Chazyan deposits in the Appalachian 
Region; (2) that the Middle Chazyan Falls and the McLish formations are not 
greatly different in volume and character of rock, and, therefore, in their 
time significance, from their representatives in the Appalachian Valley; (3) 
that the Tulip Creek, Cool Creek, and Criner formations have no direct 
counterparts in Ordovician sections east of Oklahoma; and (4) that the 
typical Bromide correlates with the Platteville and Plattin limestones of Wis- 
consin and Missouri, and the Lowville of New York, all of which are of Lower 
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Black River age, and that the three formations of the Arbuckle area men- 
tioned in the preceding clause must be introduced between formations in 
middle and east Tennessee which in preceding Classifications occupy the in- 
terval between the top of the Lenoir limestone and the base of the Lowville. 
(Proceedings, page 34.) 


PRESENT DISTRIBUTION AND THICKNESS OF MESOZOIC SYSTEMS 
BY WALTER A. VER WIEBE 


(Abstract) 


Four maps have been prepared to show the present distribution of the 
Mesozoie systems, and their thickness at several hundred selected points in 
the United States and southern Canada. A table of correlated formation 
names accompanies each map so that the reader may see what formations are 
included. Isopach lines indicate areas of greatest subsidence and suggest (1) 
location of contemporary land masses; (2) sources of sediments; (8) tectonic 
history of positive and negative areas; and (4) the probable thickness of a 
system where definite information is now lacking. 

The greatest thickness of Triassic rocks is recorded in southeastern Idaho. 
The same area also shows the greatest thickness of Jurassic rocks unless the 
greatly deformed strata of that age in California should prove to exceed them. 
Comanchean strata are thickest in the Gulf States, but Cretaceous strata once 
more are thickest in an area adjacent to southeastern Idaho. (Proceedings, 
page 64.) 


ROLE OF PROGLACIAL WATERFALLS IN THE VALLEY DEVELOPMENT OF 
CENTRAL NEW YORK 


BY 0. D. VON ENGELN 


(Abstract) 


Valleys, with low, indefinite divides on their flat floors, extend in different 
lengths across upland sections of considerable altitude in the northern region 
of the Appalachian plateau of central New York. Such valleys are among 
those classified as through valleys, the origin of which, although commonly 
ascribed to glacial erosion, is disputed. 

Evidence is presented in support of the contention that the first modification 
of the preglacial valleys of this section, a modification which permitted the 
present form and pattern of the drainage to be developed by other processes 
and agencies acting later, was brought about by the recession of waterfalls 
originating at the sites of preglacial divides. These waterfalls were supplied 
by ponded melt-water derived from the advancing front of the first Pleisto- 
cene ice sheet. Such waterfalls existed long enough to permit them to cut 
gorges across relatively wide divide regions before such gorges were occupied 
by the ice of the glacier. Modification by ice scour and by interglacial and 
postglacial weathering and stream erosion, together with various aggrada- 
tional effects, has produced from such original water-fall gorges some of the 
through valleys that are conspicuous topographic features of the central New 


York plateau. (Proceedings, page 75.) 
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SHEAR-CONTROL OF DIKES AND SILLS NEAR EUGENE, OREGON 
BY CHESTER W. WASHBURNE 
(Abstract) 

By shear-control of igneous intrusions is meant the influence of concomi- 
tant tectonic shear, parallel to their flat contacts. It is suggested: 

(1) That the prevailing dikes near Eugene, trending E-W, normal to the 
Coast Range anticline, were formed under tectonic pressure; 

(2) that they follow shear-joints with horizontal’ striw, the walls of 
which had enough independence to let the pressure along them bend one wall 
away from the other in places, making a small local crevice, which the 
magma entered under pressure enough to push the walls only a limited dis- 
tance farther apart: 

(3) that the greatest pressure, directed along the walls, prevented the open- 
ing of cross-fractures and held the magma within its own crevice ; 

(4) that magma was diverted from a dike into a sill where a shear along a 
horizontal plane interrupted the horizontal shear along the vertical walls of 
the dike ; 

(5) that the tectonic pressure caused the sills to overhang wholly to one 
side of the top of their feeding dikes (‘“‘onc-sided” sills) ; 

(6) that a sill starts as a sill-dike, a dike in which magma stopped rising at 
a surface of over-shear, with little lateral spread, the even top of which dips 
with the enclosing strata. The sill-dikes widen rapidly upward near their 
tops, apparently by the easier yielding of one wall only, the other remaining 
straight. 

The east-trending dikes and small blitter were formed in Upper Eocene, 
Oligocene, and probably Miocene time. Later bldétter and a few large intrusions 
of a different type of igneous rock follow N-S lines parallel to the Pacific Coast. 
They mark a shift through about 90 degrees in the direction of stress, a shift 
indicated also in the late Tertiary phase of the structure of the Coast Ranges 
of California. 

As in Cloos’ experiments, the shearing was of card-deck type, parallel to 
the direction of stress. Pressure at any other angle would have pushed the 
walls of liquid dikes together. This lack of conformity with the strain-ellipsoid 
probably arises because the prevailing ellipsoid expresses only rupture 
controlled by elasticity of form, which loses significance if the material behave 
plastically or if the deformation be so slow and uniform that elastic bending 
strain does not accumulate in effective amount, but disappears by “setting” 
as fast as formed. (Proceedings, page 60.) 


BASIC IGNEOUS ROCKS OF THE ROSEBURG QUADRANGLE, OREGON 
BY FRANCIS G. WELLS AND AARON C. WATERS 
(Abstract) 

In the Roseburg folio’ Diller mapped a great northeast-southwest trending 
belt of igneous rock as well as some smaller outlying areas in the Umpqua 
formation as diabase. He believed this diabase bore complex relations to the 
Umpqua formation, it being partly of intrusive and partly of extrusive origin, 


1Diller, J. S. United States Geologic: 1 Survey, Geological Atlas, Roseburg folio (No. 
49) 1898, 
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and Eocene in age. One of these bodies which, in a subsequent publication,2 
Diller definitely states is intrusive, lies northeast of Oakland, Oregon, near 
the Nonpareil and Bonanza quicksilver deposits. 

Field and petrographic studies made by the authors show that the body 
northeast of Oakland as well as several of the others mapped by Diller as 
diabase include some norite sills and diabase dikes, but are mostly amygdaloidal 
and ellipsoidal basalt associated with palagonite tuff. The basalts were clearly 
extravasated under water during the deposition of the Umpqua formation. 
The norite sills are intrusive into the Umpqua formation, appear to be con- 
saguinous with norite necks that cut the Cascade lavas, and are, therefore, 
younger than Eocene—probably Miocene. The diabase dikes are but slightly 
altered, and may be feeders, either of the flows of Eocene age or of the basaltic 
flows of the Cascade series. (Proceedings, page 60.) 


BONE-BEDS AND CRINOIDAL SANDS OF THE DELAWARE LIMESTONE OF 
CENTRAL OHIO 
BY LEWIS G, WESTGATE AND RICHARD P, FISCIIER 


(Abstract) 


A bone-bed at the base of the Delaware limestone (mid-Devonian, Onon- 
daga) of central Ohio and a second bone-bed near the top of the formation 
are considered mechanical sediments above slight unconformities. The bone- 
beds consist of fish fragments, crinoidal material largely a mechanical sedi- 
ment, and sand, chiefly quartz. Other crinoidal layers below the upper bone- 
bed are considered mechanical sediments. All features mentioned point to 
shallow seas during Delaware time. (Proceedings, page 108.) 


CATSKILL SEDIMENTATION BEGINS IN PENNSYLVANIA 
BY BRADFORD WILLARD 


(Abstract) 


The Catskill, or Devonian, red beds and associated strata of Pennsyl- 
vania are traceable from the southwestern part of the state eastward into 
the Delaware Valley and thence northwestward into the northern tier of 
counties and New York State. Further east, they may be observed in north- 
ern New Jersey. A series of sections from southwestern Pennsylvania to 
northern New Jersey shows that this phase of sedimentation began at a 
successively earlier date ranging from Chemung time in the southwest down 
to Hamilton time in the extreme east. This change is evinced both from 
the youngest fossils in beds subjacent to the Catskill and by occasional 
marine organisms associated with the red beds themselves. Therefore, “con- 
tinental’’ sedimentation advanced steadily from east to west across the state 
with the base of the Catskill rising progressively. Furthermore, recurrence 
of marine faunas in and stratigraphic relations of these beds throw some 
doubt upon the accepted non-marine origin of at least portions of them. 
(Proceedings, page 64.) 


2 Diller, J. S., Mineral resources of southwestern Oregon: United States Geological 
Survey, Bulletin 546, page 129, 1914. ° 
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CERTIFICATE OF INCORPORATION 
OF 
THE GEOLOGICAL SOCIETY OF AMERICA, INC. 


INCORPORATED UNDER THE MEMBERSHIP CORPORATION LAw 
OF THE STATE OF NEW YorxkK 


We, the undersigned, desiring to form a membership corporation, pur- 
suant to the Membership Corporations Law, and being all the members of 
a committee duly authorized as required by said law to incorporate the 
Geological Society of America (an existing unincorporated society), do 
hereby certify as follows: 

1. The name of the proposed corporation is: “The Geological Society 
of America, Inc.” 

2. The purpose for which it is to be formed is: “The Promotion of 
the Science of Geology in North America.” 

3. The territory in which the operations of the corporation are to be 
principally conducted is: All of the States, Territories, Colonies and 
Dependencies of the United States of America. 

4. The principal office of the corporation shall be located in the City 
of, County of, and State of New York. 

5. The number of its directors (to be known as “Councilors”) shall 
be seventeen (17). 

6. The names and post office addresses of the persons constituting the 
Board of Directors (to be known as “Councilors’”) until the first annual 
meeting of the Society are: 


Names Post Office Addresses 
..-401 Thurston Avenue, Ithaca, New York. 
WILLIAM SHIRLEY BAYLEY........ ...706 South Coler Avenue, Urbana, Il. 
ULYSSES SHERMAN GRANT.......... ..627 Library Place, Evanston, Illinois. 
ERMINE COWLES CASE......cccccces ..619 University Avenue, Ann Arbor, 
Michigan. 

ARTHUR LEONARD PARSONS.......... ..-79 Oriole Road, Toronto, 5, Canada. 
CHARLES PETER BERKEY.......... .... 1076 Cumbermede Road, Palisade, New 


Jersey. 


Epwarp BENNETT MATHEWS.......... Lombardy Apartment, 40th and Stony 
Run Lane, Baltimore, Maryland. 
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Names Post Office Addresses 
JOSEPH STANLEY-BROWN.........00008 151 Quentin Street, Kew Gardens, Long 
Island, New York. 
Harry Foster BAIN................-.98 East 53d Street, New York, N. Y. 
HENRY BARNARD KUMMEL............ 917 Edgewood, Trenton, New Jersey. 
GEORGE ROGERS MANSFIELD............ 2067 Park Road, Washington, D. C. 
WILLIAM EMBRY WRATHER........... 4800 Overhill Drive, Dallas, Texas. 
HERDMAN FITZGERALD CLELAND........ 2 Lynde Lane, Williamstown, Mass. 
ANDREW COWPER LAWSON............- 1515 La Loma Avenue, Berkeley, Calif. 
California. 


+. All of the subscribers to this certificate are of full age; at least two- 
thirds of them are citizens of the United States; at least one of them is a 
resident of the State of New York; and at least one of the persons 
named as director is a citizen of the United States and resident of the 
State of New York. 

In Witness WHEREOF, we have made, signed, acknowledged and filed 
this certificate in duplicate. 

Dated this 28th day of March, 1929. 


(Signed) Henry Ossory, 
JosePpH STANLEY-Brown, 
CHARLES P. BERKEY, 
Hernricu RIEs, 

H. Foster Barn. 


(Notarial Acknowledgments. ) 

(Consent of Commissioner of Education of the State of New York.) 

(Approval of Certificate of Incorporation by the Supreme Court of the 
State of New York.) 
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BY-LAWS 
ARTICLE I 
NAME AND SEAL 


1. Name.—The name of the Society is “The Geological Society of 
America, Inc.” 

2. Seal.—The corporate seal of the Society shall be circular in form 
and shall bear the name of the Society and the words “Founded 1888.” 
It may also bear any device approved by the Council of the Society. 


ARTICLE IT 
MEMBERSHIP AND ELECTION OF MEMBERS 


1. Members.—The members of the Society shall be classified as Fel- 
lows, Correspondents and Patrons. 

2. Fellows.—Fellows shall be persons who are engaged in geological 
work or in teaching geology. 

Fellows admitted without election under the provisional Constitution 
of the predecessor unincorporated society shall be designated as Original 
Fellows on all lists and catalogues of the Society. 

Fellows only shall be entitled to vote or be eligible for election as 
Officers or Councilors. 

3. Initiation Fee and Dues.—The initiation fee shall be Ten dollars 
($10) and the annual dues Ten dollars ($10), the latter payable on or 
before the Annual Meeting; but a single prepayment of One hundred 
and fifty dollars ($150) shall be accepted as commutation of annual 
dues for life. Correspondents and Patrons shall not be required to pay 
initiation fees or dues. 

The membership of a Fellow who fails to pay his initation fee, and 
dues for the year, within three months after being notified of his elec- 
tion may be terminated by the Council. 

A Fellow in good standing who has paid annual dues for not less than 
fifteen (15) years may commute further payment of dues by making a 
single payment of One hundred dollars ($100). Fellows who have 
reached the age of seventy (70) years and have paid annual dues for 
thirty (30) years shall be exempt from further payment of dues. 

4. Arrears——A Fellow who is in arrears in payment of annual dues 
shall not be entitled to vote or receive the publications of the Society. A 
Fellow who has continued more than two years in arrears in payment of 
dues shall be deemed to have resigned. 

5. Correspondents.—Correspondents shall be persons distinguished for 
their attainments in geological science and not resident in North America. 
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6. Patrons—Patrons shall be persons who, with the approval of the 
Council, have paid One thousand dollars ($1,000) or more to the So- 
ciety, or have otherwise substantially contributed to the welfare of the 
Society. 

7. Nomination of Fellows.—Fellows may be nominated at any time, on 
forms approved by the Council, by two Fellows, one of whom shall be 
personally acquainted with the candidate and his qualifications for 
membership. 

The forms when signed shall be transmitted to the Secretary. 

The Secretary shall bring all nominations before the Council and the 
Council shall signify its approval or disapproval of each. 

8. Nomination of Correspondents and Patrons.—Correspondents and 
Patrons shall be nominated by the Council. 

9. Election of Fellows, Correspondents and Patrons.—Candidates for 
membership in the Society shall be elected by the concurring vote, by 
ballot, of nine-tenths (9/10th) of the Fellows voting. 

At least twenty-five (25) days before the date of the meeting of the 
Council required by the By-Laws to be held immediately before the An- 
nual Meeting, the Secretary shall mail to each Fellow a printed list of 
the approved candidates together with a suitable form of ballot, and re- 
turn envelopes, and such information as may be necessary to enable the 
Fellows to pass upon the qualifications for membership of the candidates. 

The Fellows shall signify on the ballots their vote for or against each 
candidate, and return the ballots to the Secretary. 

The Secretary shall canvass the ballots and deliver the ballots with his 
report thereon to the Council at the meeting. 

Notwithstanding the vote of the Fellows the Council, by unanimous 
vote of the Councilors present at the meeting of the Council, may hold 
for further consideration or reject a nomination if from additional in- 
formation it considers the candidate unsuitable for membership in the 
Society. 

At the Annual Meeting of the Society the Council shall announce the 
results of the election after which notice shall be sent to the members 


elected. 
ARTICLE III 


ELECTION OF OFFICERS AND COUNCILORS AND 
TERMS OF OFFICE. COUNCIL. 


1. Officers —The Officers of the Society shall be a President, four Vice- 
Presidents, a Secretary and a Treasurer, who shall be elected by the 
Fellows at the Annual Meeting to serve for a term of one year, and, if 
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appointed by the Council, an Assistant Secretary and an Assistant 
Treasurer. 

In order that the elected officer shall be members of the Council no 
Fellow shall be elected an officer who shall not at the same meeting be 
elected a Councilor to serve during the ensuing year. 

The President and Vice-Presidents shall not be eligible for reelection 
to their respective offices until three years have elapsed from the expira- 
tion of their terms of office. The Secretary and Treasurer shall be 
eligible for reelection without limitation. 

2. Councilors and Council.—Councilors shall be elected by the Fellows 
at the Annual Meeting. The seventeen Councilors of the Society, seven of 
whom shall be elected officers, namely; President, four Vice-Presidents, 
Secretary and Treasurer, shall constitute the Council. The term of 
office of nine Councilors, three of whom shall be elected in each year, 
shall be three years, and the term of office of eight Councilors shall be 
one year. In compliance with the law, at least one Councilor shall be a 
resident of the State of New York. 

At the election of Councilors following the adoption of this Article 
Councilors shall be elected for such terms that, including the Councilors 
then holding office, the term of office of three Councilors shall expire in 
three years, three in two years and eleven in one year. 

3. Commencement of Terms of Office—The terms of office of Coun- 
cilors and Officers elected at the Annual Meeting shall commence at the 
adjournment of the meeting. 

4, Regular Ticket.—At least four (4) months before the Annual Meet- 
ing the Council shall prepare and mail to the Fellows a list of nomina- 
tions, which shall comprise the Regular Ticket, of candidates for the 
offices and places on the Council to be filled at the Annual Meeting. 

The nominee for President on the Regular Ticket shall not be a mem- 
ber of the Council as constituted at the time of the approval of the 
Regular Ticket. 

The President in office at the time of the approval of the Regular Ticket 
shall be nominated on the Regular Ticket for Councilor to serve during 
the ensuing year. 

The Regular Ticket in other respects must have the approval of a 
majority of all the Councilors. 

At the meeting at which this Article shall be adopted, the provisions 
of this Section with respect to notice shall be deemed to have been com- 
plied with if the ticket shall have been mailed to Fellows at least ten days 
before the meeting. 


VIII—ButLu. Soc. AM., Vou. 44, 1938 
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5. Special Tichets—Any twenty-five Fellows may nominate a ticket, 
which shall be called a Special Ticket, of one or more candidates by mail- 
ing their ticket to the Secretary together with the name of a proxy if any. 

6. Mailing of Regular and Special Tickets——The Regular Ticket, and 
all Special Tickets reaching the Secretary at least forty (40) days before 
the Annual Meeting, together with the names of the Fellows nominating 
each Special Ticket, shall be printed and mailed to the Fellows at least 
i twenty-five (25) days before the Annual Meeting. 

f 7. Provies.—Fellows may act by written proxy at any meeting of the 
Society. Each copy of the Regular Ticket mailed to the Fellows shall be 
1! accompanied by a printed form of proxy, prepared by the Council, appoint- 
f ing as proxy such person or persons as the Council may designate. If the 
i Fellows nominating a Special Ticket shall have designated a proxy, each 
copy of a Special Ticket mailed to the Fellows shall be accompanied by 
: a printed form of proxy, prepared by the Council, appointing as proxy the 
| person or persons designated by the Fellows who nominated the Special 
Ticket. 
| 8. Elections—The election of Councilors and Officers at the Annual 
Meeting shall be by ballot. The ballot shall be prepared and printed under 
}} the direction of the Council. At the Annual Meeting the presiding officer 
‘a shall appoint Tellers and Inspectors of Election. 
| 


9. Vacancies.—In the event that any person shall be elected an Officer 
who shall not at the same meeting have been elected a Councilor to serve 
during the ensuing year, the office shall be deemed vacant. 

A vacancy occurring in any of the elective offices of the Society shall 
be filled by the Council until the next Annual Meeting. 

A vacancy occurring in the membership of the Council shall be filled 
by the remaining members of the Council until the next Annual Meeting. 


ARTICLE IV 
MANAGEMENT 


1. Council_—The property and affairs of the Society shall be managed 


by the Council. 

At the Annual Meeting the Council shall submit to the Society a Re- 
port which shall include the Reports of the Secretary, Treasurer and 
Auditors. 

At the Annual Meeting there shall be submitted for appropriate action 
a resolution providing for the ratification and confirmation of all acts of 
t the Council during the preceding year. 


: © 
| 
| 
| 
4 
i 
i 


BY-LAWS 115 


2. Bxecutive Committee-—The Council, acting by the concurring vote 
of not less than two-thirds of all the Councilors, may appoint from among 
its members an Executive Committee of not fewer than three (3) Coun- 
cilors. The Council at its pleasure, acting by a like vote, may discharge 
the Committee. The Chairman of the Executive Committee shall be ap- 
pointed by the Council. The term of office of the members of the Execu- 
tive Committee appointed in any year shall not extend beyond the adjourn- 
ment of the following Annual Meeting of the Society. A majority of the 
members of the Executive Committee shall constitute a quorum of the 
Committee. 

The Executive Committee shall have Such powers only as shall be ex- 
pressly conferred upon it from time to time by the Council acting by the 
concurring vote of two-thirds of all the Councilors. 

3. President.—The President shall preside at meetings of the Society 
and the Council. 

4, Vice-Presidents—The order of precedence of the Vice-Presidents 
shall be fixed from time to time by Rule or resolution of the Council and 
they shall in that order have and assume the powers and duties of the 
President in the event of the absence or disability of the President and a 
prior Vice-President. 

5. Secretary.—The Secretary shall keep the records of the proceedings 
of the Society and shall also act as the Secretary of the Council and shall 
keep the records of its proceedings. The Secretary shall cooperate with 
the other Officers and, under the direction of the Council, shall have charge 
of the headquarters of the Society and of the administrative staff, and of 
the editing, printing and distribution of all publications and other print- 
ing ordered by the Society or the Council, and shall act as Custodian of 
all property of the Society, except property in the custody of the Treasurer 
and property for the custody of which other provision shall have been 
made in the By-Laws and Rules or by the Council. 

The Secretary shall notify the Councilors, Officers and Members of 
Committees of their election or appointment, and shall issue notices of all 
meetings, and shall include in each notice of any special mecting a state- 
ment of the business to be transacted at the meeting. 

The Secretary shall keep a complete list of the Fellows, Correspondents 
and Patrons and their places of residence with the dates of the'r election 
and termination of their membership in the Society and shall furnish to 
the Treasurer the names and places of residence of all persons elected to 
membership. 

The Secretary shall submit an Annual Report to the Council. 
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6. Assistant Secretary—The Council may appoint an Assistant Secre- 
tary to hold office during the pleasure of the Council. The Assistant 
Secretary shall act under the supervision of the Secretary. 

7. Assistants to the Secretary.—The Council may authorize the Secre- 
tary to employ such assistants, to serve during the pleasure of the Secre- 
tary, as he may deem necessary for the proper performance of his duties. 
The compensation of the assistants shall be fixed by the Council. 

8. Treasurer.—The Treasurer, under the direction of the Council, shall 
collect and disburse all funds and shall have the custody of all funds, 
securities and other investments of the Society, except those for which 
other provision shall have been made in the By-Laws and Rules or by the 
Council. He shall deposit such funds in the name of the Society in a 
bank or trust company designated by the Council, and shall deposit such 
securities and other investments in the custody of a bank or trust com- 
pany designated by the Council. 

The Treasurer shall keep records of all his receipts and disbursements 
of funds and other financial transactions and of the funds, securities and 
other investments of the Society in his custody and, upon the direction of 
the Council, shall exhibit his records, accounts and vouchers and the funds, 
securities and other investments of the Society in his custody. 

The Treasurer shall report in writing at each meeting of the Society 
and the Council his receipts and disbursements of funds and other financial 
transactions since his last previous Report and the balance of money in 
his hands. 

The Treasurer shall submit an Annual Report to the Council of all his 
receipts and disbursements of funds and other financial transactions dur- 
ing the preceding fiscal year and of the funds, securities and other invest- 
ments of the Society in his custody at the close of the fiscal year. 

9. Assistant Treasurer.—The Council may appoint an Assistant Treas- 
urer to hold office during the pleasure of the Council. The Assistant 
Treasurer shall keep at the headquarters of the Society records of all re- 
ceipts and disbursements of funds and all other transactions relating to 
the principal and income of the Penrose Bequest and of all other funds, 
securities and other investments of the Society, not in the custody of the 
Treasurer. 

The Assistant Treasurer shall be a person who, in the opinion of the 
Council, is qualified by experience and training to furnish and obtain 
advice and information with respect to the investments and other finan- 
cial interests of the Society, and shall cooperate with the Treasurer and 


the Committee on Finance. 
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10. Compensation of Officers—The Secretary, Treasurer, Assistant 
Secretary and Assistant Treasurer shall receive such compensation as may 
be fixed from time to time by the concurring vote of two-thirds of all 
the Councilors. 

11. Bonds of Officers —The Treasurer and other Officers authorized to 
sign orders and other papers with respect to the funds, securities and other 
investments of the Society shall give bonds or other security, in such 
amount and form as the Council may approve, for the faithful discharge 
of their respective duties. 

12. Penrose Bequest.—The funds, securities and other investments, 
representing the principal of the Penrose Bequest to the Society shall be 
deposited in the custody of a bank or trust company designated by the 
Council. 

All orders with respect to the principal and income of the Penrose Be- 
quest shall be in writing signed by any two of three officers designated by 
the Council and accompanied by a copy of a resolution of the Council 
authorizing the same, certified by the President or a Vice-President, not 
one of the three designated officers. 


Nore: By the terms of the Will of the late Richard A. F. Penrose, 
Jr., his bequest to the Society “shall be considered an endowment fund(s) 
the income of which only to be used and the capital to be properly in- 
vested.” 

13. Penrose Bequest Reserve Fund.—A reserve fund shall be estab- 
lished and entitled “Penrose Bequest Reserve Fund”. Amounts equal 
to ten per cent. (10%) of the income from the principal of the Pen- 
rose Bequest, as it is received from time to time, shall be paid into the 
fund. The income of the fund shall be added to the principal of the 
fund and the fund shall be invested as the Council shall direct. The 
fund shall be held to offset possible losses in investments, or for such 
other purposes as the Society, upon the recommendation of the Couneil, 
may determine by vote at an Annual Meeting. 

14. Audit.—The Council, in advance of the Annual Meeting, shall 
select a firm of Certified Public Accountants who shall be employed as 
Auditors of the Society for the ensuing year, unless the Fellows at the 
Annual Meeting shall select another firm of Certified Public Accountants. 

At the close of each fiscal year the Auditors shall audit and examine 
the records, accounts, vouchers and financial transactions of the Treas- 
urer and the other officers and custodians of the Society, and the funds, 
securities and other investments of the Society in the custody of the 
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Treasurer and other officers and custodians of the Society, and shall 
prepare a statement of receipts and disbursements and a balance sheet 
containing all items of liabilities and assets, and shall report thereon to 
the Council before the following Annual Meeting. 

Copies of the Report of the Auditors, or a summary thereof, shall be 
printed and distributed to the members of the Society in advance of the 
Annual Meeting. The Report of the Auditors shall be filed in the office 
of the Secretary and shall be open to the inspection of the members at 
all times. 

15. Fiscal Year.—The Fiscal Year of the Society shall end with the 
close of business on October 31st in each year. 


ARTICLE V 
STANDING COMMITTEES 


1. Committees.—The Council shall appoint the following Standing 
Committees : 


A Committee on Finance 

A Committee on Projects 

A Committee on Publications. 

A Committee on Membership. 

A Committee on Correspondents. 

A Committee on Penrose Medal Award. 


The Standing Committees shall be advisory committees and shall re- 
port to and act under the direction of the Council. 

2. Committee on Finance.-—The Committee on Finance shall consist 
of four Fellows including the Treasurer who shall be ex officio a member 
of the Committee. Upon the adoption of this Article, one shall be ap- 
pointed to serve for a term of one vear, one for two years, and one for 
three years, and thereafter one shall be appointed in each year to serve 
for a term of three years. The Chairman shall be designated by the Coun- 
cil. Any of the appointed members of the Committee shall be eligible for 
reappointment without limitation. 

The Committee shall advise the Council with respect to the investment 
and reinvestment of the funds, securities and other investments of the 
Society and also shall advise the Council generally with respect to the 
financial affairs of the Society. 

3. Committee on Projects—The Committee on Projects shall consist 
of three Fellows. Upon the adoption of this Article, one shall be ap- 
pointed to serve for a term of one year, one for two years, and one for 
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three years, and thereafter one shall be appointed in each year to serve 
for a term of three years. Members of the Committee shall be eligible 
for reappointment without limitation. The Chairman of the Committee 
shall be designated by the Council or selected in the manner it shall direct. 

The Committee shall make recommendations to the Council with re- 
spect to proposals and requests calling for the cooperation and financial 
assistance of the Society. 

4, Committee on Publications——The Committee on Publications shall 
consist of four Fellows including the Secretary who shall be ex officio a 
member of the Committee. Upon the adoption of this Article one shall 
be appointed to serve for a term of one year, one for two years, and one 
for three years, and thereafter one shall be appointed in each year to 
serve for a term of three years. Any of the appointed members of the 
Committee shall be eligible for reappointment without limitation. The 
Chairman of the Committee shall be designated by the Council or selected 
in the manner it shall direct. 

The Committee shall make recommendations to the Council with re- 
spect to publications by the Society and with respect to expenditures and 
the performance of contracts relating to publications. 

The Committee shall recommend Rules for adoption by the Council 
with respect to the preparation and presentation of papers and other 
matters relating to publications. 

5. Committee on Membership—The Committee on Membership shall 
consist of three Councilors who shall be appointed to serve for a term of 
one year. Members of the Committee shall be eligible for reappointment 
without limitation. The Chairman of the Committee shall be designated 
by the Council or selected in the manner it shall direct. 

The Committee shall consider nominations to membership in the So- 
ciety and report its recommendations to the Council. 

6. Committee on Correspondents.—The Committee on Correspondents 
shall consist of seven Fellows including the President who shall be ex 
officio a member of the Committee and shall be Chairman of the Com- 
mittee. Upon the adoption of this Article two shall be appointed to serve 
for a term of one year, two for two years, and two for three years, and 
thereafter two shall be appointed in each year to serve for a term of three 
years. Any of the appointed members of the Committee shall be eligible 


for reappointment without limitation. 
The Committee shall recommend Correspondents for nomination by the 


Council. 
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7. Committee on Penrose Medal Award—The Committee on Penrose 
Medal Award shall consist of seven Fellows including one Councilor des- 
ignated by the Council who shall be Chairman of the Committee. Upon 
the adoption of this Article two shall be appointed to serve for a term 
of one year, two for two years, and two for three years, and thereafter two 
shall be appointed in each year to serve for a term of three years. The 
Chairman shall serve for a term of one year. Members of the Committee 
shall be eligible for reappointment without limitation. 

The Committee shall make recommendations to the Council with respect 
to the award of the Penrose Medal. 


ARTICLE VI 


SECTIONS OF THE SOCIETY 


Groups of Fellows representing particular branches of geology or defi- 
nite regions, with the consent of the Council, may organize as Sections of 
the Society and may adopt By-Laws approved by the Council and not in- 
consistent with the Certificate of Incorporation, By-Laws and Rules of 
the Society. The Sections shall effect, from time to time, such changes in 
their By-Laws as may be made necessary by changes in the By-Laws and 
Rules of the Society. Sections may be dissolved by resolution of the So- 
ciety adopted at any Annual Meeting. 


ArticLe VII 


PUBLICATION FUND 


A Publication Fund shall be maintained into which shall be paid dona- 
tions made in aid of publication, sums paid in commutation of dues, and 
such other sums as may be allocated thereto by the Council. The principal 
of the fund shall be invested as directed by the Council. The income of the 
fund shall be expended as directed by the Council. 


ArticLe VIII 


MEETINGS AND ORDER OF BUSINESS 


1. Annual Meeting.—The Society shall hold its Annual Meeting on a 
day in December after Christmas Day, determined as follows: On the 28th 
when Christmas falls on Saturday, Sunday or Monday; on the 27th when 
Christmas falls on Tuesday ; on the 26th when Christmas falls on Wednes- 


on 
4 
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day, and on the 29th when Christmas falls on Thursday or Friday. The 
place of the meeting, within or without the State of New York, shall be 
fixed by the Council and notice of the time and place shall be mailed to 
the members of the Society within four months after the adjournment 
of the preceding Annual Meeting. The program of the meeting shall be 
determined by the Council and shall be sent to the members of the Society 
in advance of the meeting. The details of the daily sessions shall be ar- 
ranged by the Council. 

2. Order of Business at Annual Meeting.—The order of business at the 
Annual Meeting shall be as follows: 


(1) Call to order by the presiding officer. 

(2) Introductory ceremonies. 

(3) Report of the Council. 

(4) Election of Councilors and Officers. 

(5) Announcement of the vote for Fellows, Correspondents and 
Patrons. 

(6) Deferred business. 

(7) New business. 

(8) Announcements. 

(9) Necrology. 

(10) Reading of scientific papers. 


3. Special Meetings of the Society.—Special Meetings of the Society 
may be called by the Council in its discretion on not less than thirty (30) 
days’ notice and shall be called on like notice by the Council upon the 
written request of twenty-five Fellows stating the special business for 
which they request the meeting to be called. 

4, Order of Business at Special Meetings of the Society—At a Special 
Meeting of the Society the order of business shall be the matters numbered 
(1), (2) and (8) in the section entitled “Order of Business at Annual 
Meeting,” followed by the special business for which the meeting was 
called. 

5. Meetings of the Council—Meetings of the Council shall be held im- 
mediately before and after the Annual Meeting of the Society, at the place 
of the Annual Meeting. Special Meetings of the Council may be called 


by the President. 
6. Quorum.—At meetings of the Society one-sixth of all the Fellows 


shall constitute a quorum. 
At meetings of the Council six Councilors shall constitute a quorum. 
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ARTICLE IX 
BY-LAWS, RULES AND AMENDMENTS 


1. By-Laws.—By-Laws of the Society may be adopted, amended or 
rescinded only by the Fellows at a meeting of the Society by a vote of a 
majority of the Fellows present in person or represented by proxy, pro- 
vided there be not less than a majority of all the Fellows of the Society 
present or so represented, and provided further that copies of proposed 
By-Laws and Amendments and Notice of proposed rescission of By-Laws 
shall have been mailed by the Council to the Fellows of the Society not 
less than twenty nor more than forty days before the meeting at which 
action is taken. 

2. Rules.—Rules of the Society, not inconsistent with the By-Laws, 
may be adopted, amended or rescinded at any meeting of the Council by 
a vote of a majority of the Councilors present. 

3. Publication of By-Laws and Rules.—The Council shall include in its 
Annual Report copies of all resolutions adopted during the preceding year 
‘by the Society with respect to By-Laws and by the Council with respect 
to Rules. 

4. Proposals of Amendments.—Any twenty-five Fellows may, by letters 
addressed to the Secretary, recommend to the Council the adoption, 
amendment or rescission of a Rule, and request the Council to consider 
and, if it approve, recommend to the Fellows the adoption, amendment, or 
rescission of a By-Law. If the Council approve a request with respect to 
a By-Law it shall take the appropriate action necessary to permit the Fel- 
lows to vote thereon at the next Annual Meeting or, in the discretion of 
the Council, at a Special Meeting of the Society. If the Council disap- 
prove a request with respect to a By-Law it shall so inform the proposers 
and, upon their request and for their convenience, the Council shall take 
the appropriate action necessary to permit the Fellows to vote thereon at 
the next Annual Meeting or, in the discretion of the Council, at a Special 
Meeting of the Society and shall mail to each Fellow a form of proxy, 
prepared by the Council, for use at the meeting. 


OFFICERS, CORRESPONDENTS, AND FELLOWS OF THE 
GEOLOGICAL SOCIETY OF AMERICA 


OFFICERS FOR 1933 
President: 


C. K. Lerrn, Madison, Wis. 


Vice-Presidents: 


KE. S. Moore, Toronto, Canada. 

Rotts T. CHAMBERLIN, Chicago, III. 
E. M. Ottawa, Canada. 

H. P. Wuittock, New York, N. Y. 


Secretary: 


Cartes P. BERKEY, 419 West 117th Street, New York, N. Y. 


Treasurer: 


Epwarp B. Marnuews, Johns Hopkins University, Baltimore, Md. 


Councilors: 


(Term expires 1933) 
DonneEL Hewett, Washington, D. C. 
S. KNappEN, Tulsa, Okla. 
AnprREW C. Lawson, Berkeley, Calif. 
A, Cambridge, Mass. 


(Term expires 1934) 
GeorGE W. Stose, Washington, D. C. 
Frank R. VanHorn, Cleveland, Ohio. 
JosEPH T. SINGEWALD, JR., Baltimore, Md. 
(Term expires 1935) 


Frank F. Grout, Minneapolis, Minn. 
W. 0. Horcuxiss, Houghton, Mich. 
JosEPH STANLEY-Brown, Kew Gardens, L. I., N. Y. 
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MEMBERSHIP, 1933 
CORRESPONDENTS 


Baltey, E. B., Glasgow, Scotland. Dec., 1932. 

Barrols, CHARLES, Lille, France. Dec., 1909. 

BATHER, FRANCIS ARTHUR, London, England. Dec., 1926. 

Broéacer, W. C., Oslo, Norway. Dec., 1909. 

Davip, Sir TANNATT WILLIAM EpGEWorTH, Sydney, New South Wales. Dec., 
1923. 

Dr GEER, BARON GERHARD, Stockholm, Sweden. Dec., 1910. 

Dr MARGERIE, EMMANUEL, Strasbourg, Alsace, France. Dec., 1921. 

De MarTONNE, EMMANUEL, Paris, France. Dee., 1932. 

Fett, Str JoHN SmitruH, London, England. Dec., 1928. 

IIARKER, ALFRED, Cambridge, England. Dec., 1924. 

Hem, ALBERT, Zurich, Switzerland. Dec., 1909. 

Hoécpom, A. G., Uppsala, Sweden. Dec., 1932. 

JoLy, JoHN, Dublin, Ireland. Dece., 1932. 

KaARPINSKIJ, A. P., Leningrad, U. 8. S. R. Dec., 1932. 

Kocn, LAuGE, Copenhagen, Denmark. Dec., 1932. 

Koro, Bunsiro, Tokyo, Japan. Dec., 1923. 

LACROIX, FRANCOIS ANTOINE ALFRED, Paris, France. Dec., 1923. 

LOEWINSON-LESSING, FRANz J., Leningrad, U. 8. 8S. R. Dec., 1926. 

LuGEON, MAvRICE, Lausanne, Switzerland. Dec., 1932. 

MOLENGRAAFF, GUSTAAF ADOLF FREDERIK, Delft, Holland. Dec., 1923. 

OBRUCHEYV, VLADIMIR A., Leningrad, U. 8S. S. R. Dec., 1930. 

PencK, ALBRECHT, Berlin, Germany. Dec., 1930. 

Rocers, ARTHUR WILLIAM, Cape Town, South Africa. Dec., 1924. 

WILLIAM Jonunson, Oxford, England. Dec., 1925. 

SEDERHOLM, JAKOB JOHANNES, Helsingfors, Finland. Dec., 1923. 

STILLE, Hans W., Gottingen, Germany. Dec., 1930. 

WALTHER, JOHANNES, Halle-Wittenberg, Germany. Dec., 1926. 

Warts, WILLIAM WHITEHEAD, London, England. Dec., 1930. 

Woopwakpb, Sir ARTHUR SMITH, London, England. Dec., 1923. 


FELLOWS 


ABBE, CLEVELAND, JR., 123 North Quarry St., Ithaca, N. Y. August, 1899. 
ADAMS, FrANK Dawson, McGill University, Montreal, Canada. Dec., 1889. 
ADAMS, LEeason H., Geophysical Laboratory, Washington, D. C. Dec., 1922. 
ADKINS, WALTER S., University of Texas, Austin, Texas. Dec., 1921. 
AGAR, WILLIAM M., Columbia University, New York, N. Y. Dec., 1929. 
ALcock, F. J., Geological Survey of Canada, Ottawa, Canada. Dec., 1920. 
ALDEN, WILLIAM C., U. S. Geological Survey, Washington, D. C., Dec., 1909. 
ALpRICH, Henry R., State Geological and Natural History Survey, Madison, 
Wis. Dec., 1927. 
ALLAN, JOHN A., Universty of Alberta, Edmonton, Alberta, Canada. Dec., 1914. 
ALLEN, EUGENE T., Geophysical Laboratory, Washington, D. C. Dec., 1922. 
ALLEN, R. C., 1202 Hanna Bldg., Cleveland, Ohio. Dec., 1911. 
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ALLEN, Victor T., St. Louis University, St. Louis, Mo. Dee., 1931. 

Atuine, H. L., University of Rochester, Rochester, N. Y. Dec., 1920. 

ALLISON, Ira S., Oregon State College, Corvallis, Ore. Dec., 1929. 

ANDERSON, ALFRED L., University of Idaho, Moscow, Idaho. Dec., 1932. 

ANDERSON, FRANK M., 58 Hillcrest Road, Berkeley, Calif. Dec., 1902. 

ANDERSON, Rozert V., Boukandoura, El Biar, Algiers, Algeria. Dec., 1911. 

AnprEws, E. C., Geological Survey of New South Wales, Sydney, New South 
Wales. Dec., 1920. 

ANTEvs, Ernst V., 28 Beacon Ave., Auburn, Me. Dee., 1925. 

ARNOLD, RALPH, 812 Subway Terminal Bldg., Los Angeles, Calif. Dec., 1904. 

ASHLEY, GEORGE HALL, State Capitol, Harrisburg, Pa. August, 1895, 

Atwoop, WALLACE WALTER, Clark University, Worcester, Mass. Dec., 1909. 

AURIN, Fritz L., Marland Oil Co., Ponca City, Okla. Dec., 1925. 


BaccG, Rurus MATHER, Jk., 7 Brokaw Place, Appleton, Wis. Dec., 1896. 

Bain, H. Foster, 25 Broadway, Room 1326, New York, N. Y. Dec., 1895. 

Baker, ARTHUR A., U. S. Geological Survey, Washington, D. C. Dec., 1930. 

Baker, CHARLES L., University of Texas, Austin, Texas. Dec., 1929. 

Baker, MANLEY BENSON, School of Mining, Kingston, Ontario. Deec., 1911. 

BaLpwIin, S. PrRENTISS, 11025 East Blvd., Cleveland, Ohio. August, 1895. 

Rosert, Hunter College, New York, N. Dec., 1931. 

Max 1104 First National Bank Bldg., Denver, Colo. Dec., 1924. 

Batt, SypNEY H., 26 Beaver St., New York, N. Y. Dec., 1905. 

BANCROFT, JOSEPH A., McGill University, Montreal, Canada. Dec., 1914. 

Bargour, ERWIN HINCKLEY, University of Nebraska, Lincoln, Neb. Dec., 1896. 

Barpour, GEORGE B., % Dickinson, 488 West 116th St., New York, N. Y. 
Dec., 1930. 

BARRETT, LESLIE PARK, % Inter-State Iron Co., Jones & Laughlin Bldg., Pitts- 
burgh, Pa. Dec., 1923. 

Barton, DONALD C., Petroleum Bldg., Houston, Texas. Deec., 1921. 

Barton, GEORGE H., Boston Society of Natural History, Boston, Mass. Aug., 
1890. 

BartRAM, JOHN G., 2555 Clermont St., Denver, Colo. Deec., 1930. 

BartruM, JoHN ArtTHUR, University College, Auckland, N. Z. Dee., 1929. 

BartscH, Paur, U. S. National Museum, Washington, D. C. Dec., 1917. 

Bascom, FLORENCE, U. S. Geological Survey, Washington, D. C. August, 1894. 

Basster, RAy Situ, U. S. National Museum, Washington, D. C. Dec., 1906. 

BasTINn, Epson S., University of Chicago, Chicago, Ill. Dee., 1909. 

BATEMAN, ALAN Mara, Yale University, New Haven, Conn. Dec., 1916. 

Bauer, C. MAX, 236 Yellowstone Park, Wyoming. Dec., 1923. 

BayLey, WILLIAM S., University of Illinois, Urbana, Ill. Dec., 1888, 

BEAN, Ernest F., Wisconsin Geological and Natural History Survey, Madi- 
son, Wis. Dec., 1926. 

BEEDE, JOSHUA W., Route 2, Spencer, Ind. Dee., 1902. 

BEEKLY, ALBERT L., 1106 Cosden Bldg., Tulsa, Okla. Dec., 1925. 

BEnRE, CHARLES H., Jr., Northwestern University, Evanston, Ill. Dec., 1929. 

Bett, Water A., Victoria Memorial Museum, Ottawa, Canada. Dee., 1923. 

Benson, W. N., University of Otago, Dunedin, New Zealand. Dec., 1919. 


125 
| 


126 PROCEEDINGS OF THE CAMBRIDGE MEETING 


Berkey, CHARLES P., Columbia University, New York, N. Y. August, 1901. 

Berry, Epwarp WILBER, Johns Hopkins University, Baltimore, Md. Dec., 1909. 

Berry, WILLARD, Ohio State University, Columbus, Ohio. Dec., 1930. 

Bevan, Artuur C., Virginia Geological Survey, University, Va. Dec., 1926. 

BILLINGS, MARLAND P., Harvard University, Cambridge, Mass. Dec., 1929. 

BILLINGSLEY, PAL, 1027 Continental National Bank Bldg., Salt Lake City, 
Utah. Dec., 1922. 

BLACKWELDER, ELIoT, Leland Stanford Jr. University, Stanford University, 
Calif. Dec., 1908. 

3LANCHARD, ROLAND, Mount Isa Mines, Ltd., Mount Isa, Queensland, Australia. 
Dec. 1931. 

BLONDEL, FERNAND, 13 Rue de Bourgogne, Paris, France. Dec. 1932. 

Boos, MARGARET FULLER, 430 North Lake St., Madison, Wis. Dec., 1931. 

BouTWELL, JoHN M., Continental National Bank, Salt Lake City, Utah. Dec., 
1905. 

BoweEN, CHARLES F., % Standard Oil Co., 26 Broadway, New York, N. Y. Dee., 
1916. 

BoweEn, N. L., Geophysical Laboratory, Washington, D. C. Dec., 1917. 

30WIE, WILLIAM, U. S. Coast and Geodetic Survey, Washington, D. C. Dec., 
1919. 

BowMAN, ISAIAH, American Geographical Society, Broadway at 156th St., 
New York, N. Y. Dec., 1924. 

Wi_mor H., U. 8. Geological Survey, Washington, D. C. Dec., 1927. 

BRANNER, GEORGE C., State Geological Survey, Little Rock, Ark. Dec., 1931. 

BRANSON, Epwin Bayer, University of Missouri, Columbia, Mo. Dee., 1911. 

Bretz, J HarRLeN, University of Chicago, Chicago, Ill. Dee., 1917. 

Brock, REGINALD W., University of British Columbia, Vancouver, B. C. Dec., 
1904. 

Broperick, T. Monteiru, Calumet and Hecla Mining Co., Calumet, Mich. Dec., 
1921. 

Brokaw, A. D., P. O. Box 168, Short Hills, N. J. Dec., 1920. 

Brown, BARNuM, American Museum of Natural History, New York, N. Y. 
Dec., 1910. 

Brown, CHARLES WILSON, Brown University, Providence, R. I. Dec., 1908. 

Brown, JouHNn Srarrorp, Exploration Department St. Joseph Lead Co., 
Edwards, N. Y. Dec., 1922. 

Brown, THOMAS CLACHAR, Laurel Bank Farm, Fitchburg, Mass. Dec., 1915. 

Bruce, E. L., Queen’s University, Kingston, Ontario. Dec., 1920. 

Bryan, Kirk, Geological Museum, Oxford St., Cambridge, Mass. Dec., 1922. 

Bucuer, W. H., University of Cincinnati, Cincinnati, Ohio. Dec., 1920. 

BuppineTon, A. F., Prospect Ave., Princeton, N. J. Dec., 1919. 

BvuEHLER, HENRY ANDREW, Rolla, Mo. Dec., 1909. 

BURBANK, WILBUR Swett, U. S. Geological Survey, Washington, D. C. Dec., 
1932. 

Burcuarp, E. F., U. S. Geological Survey, Washington, D. C. Dec., 1920. 

BURLING, LANCASTER D., % Phillips Petroleum Co., Bartlesville, Okla. Dec., 


1917. 
Burt, Freperick A., Agricultural and Mechanical College, College Station, 


Texas. Dec., 1929. 
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Capy, G. H., Illinois Geological Survey, Urbana, Tl. Dee., 1920. 
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ELECTION OF OFFICERS 


A business meeting and luncheon was held at the Stanford Union, 
with 28 Fellows of the Society in attendance. A nominating com- 
mittee appointed by the Chairman, Charles E. Weaver, proposed 
the following officers for the year 1933: 


Chairman, Ropert T. 
Secretary, A. O. WooprorD 
Councilor, ANDREW C. Lawson 


The nominees were subsequently elected in a mail ballot conducted 


by the Secretary. 
MEMORIAL 


Memorial of J Claude Jones, by George D. Louderback. 
TITLES AND ABSTRACTS OF PAPERS 


The first session of the meeting was called to order by Chairman 
Charles E. Weaver at 9:30 a. m., April 8. Sessions were held the 
afternoon of April 8, and the morning and afternoon of April 9. 

The following papers were presented in the order indicated : 


STRUCTURE OF A PORTION OF THE SOUTHERN SANTA LUCIA RANGE 


BY W. LAYTON STANTON, JR.? 
(Abstract) 


The region discussed in this paper lies west of Paso Robles, approxi- 
mately midway between Los Angeles and San Francisco. Sedimentary 
rocks cover the major portion of the Southern Santa Lucia Range, and 
include the following formations: Franciscan, Knoxville, Chico, Mar- 
tinez, Vaqueros, Salinas, Santa Margarita and Paso Robles. 

The trend of all the important structures is northwest-southeast. The 
faults may be divided into three groups: normal step faults west of the 
range, steep faults east of the range, on which the predominant movement 
may have been horizontal, and thrust faults farther east near the Salinas 
Valley. The Folds in the Tertiary formations are characterized by gently 
dipping western limbs and steep to overturned eastern limbs. 

There is evidence that movement occurred on some of the faults in 
early Tertiary time. Most of the fractures were probably formed, how- 
ever, during the disturbance which folded and elevated this district in 
post-Santa Margarita and pre-’aso Robles time. Additional uplift and 
displacement of Paso Robles beds is evident along certain faults. 

The major deformation and faulting has been caused by compressive 
forces acting toward the northeast. Components of these forces parallel 


1Introduced by John P. Buwalda. 
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to the faults appear to have caused horizontal or strike-slip movement, 
and the components acting normal to the faults have caused folding, over- 
turning, and thrusting toward the northeast. It seems most logical that 
these structures were developed by northeastward-directed forces origi- 
nating in the adjacent ocean basin. 


Read by title. 


CERTAIN FEATURES OF THE VOLCANIC SEQUENCE AND 
GEOMORPHOLOGY OF MOUNT RAINIER 
BY HOWARD A. COOMBS? 
(Abstract) 


Recent field work on the southern slope of Mt. Rainier has led to the 
discovery of several unusual types of volcanic material and to the recog- 
nition of certain peculiar physiographic features. Although the rocks 
of Mt. Rainier exhibit much diversity in the field, yet there is a striking 
similarity of their mineral constituents. Examination of over 150 thin 
sections has revealed the presence of hypersthene and andesine in every 
rock whatever its mode of origin. 

The origin of many flat-topped park areas at an elevation of 5,000 feet 
has aroused much speculation. One of these parks, known as Mazama 
Ridge, affords excellent exposures indicating that an earlier glaciated 
valley is filled with later lava flows. 


Discussion by Bailey Willis, J. E. Wolff, Edwin T. Hodge, and 
H. Williams. 


GEOLOGY AND PALEONTOLOGY OF A PORTION OF THE METROPOLITAN 
DISTRICT OF LOS ANGELES, CALIFORNIA 


BY E. K. SOPER AND U. S. GRANT, IV 
(Abstract) 


The strata underlying the metropolitan area of the City of Los Angeles 
eonsist of a considerable thickness of marine Miocene sandstone and 
sandy shale containing practically no molluscan fossils. The upper limit 
of the Miocene is marked locally by a stratum of white or light gray 
diatomaceous shale up to 50 feet thick. Overlying the Miocene and 
separated from it by an obscure unconformity there is a series of fossilif- 
erous marine Pliocene fine sandstones and silts containing abundant 
upper Pliocene molluscan fossils at one horizon near the highest exposed 
portion of the beds at Sixth and Figueroa Streets, Fifth and Hope Streets, 
and previously exposed at Fourth Street and Broadway. Some of the 
hilltops are capped with non-fossiliferous terrace sands and gravels and 
the bottoms of some of the valleys and the Los Angeles River plain are 
covered with later alluvium. The Miocene and Pliocene strata dip in a 
general southerly direction and structurally represent a portion of 


1Introduced by G. E. Goodspeed. 


| 
5 | 
j 


TITLES AND ABSTRACTS OF PAPERS 149 


the south flank of the Elysian Park anticline. The old Los Angeles 
oilfield crosses the area mapped as a narrow east-west zone representing 
the subsurface presence of sands within the upper Miocene shales in 
which petroleum has accumulated by migration up to a zone of flexure 
or faulting. 

The upper Pliocene molluscan fossil zone indicates cool water con- 
ditions and an age probably a little older than the upper Pliocene at 
Packard’s Hill, Santa Barbara, and definitely younger than the Pliocene 
at San Diego. 


BEDROCK COMPLEX OF THE SIERRA NEVADA, WEST OF THE SOUTH- 
ERN END OF THE MOTHER LODE 


BY N. L. TALIAFERRO 


(Abstract) 


The Mother Lode zone is a system of thrust faulting that, everywhere 
along its course, has brought highly metamorphosed Paleozoic rocks on 
the east against less metamorphosed rocks, largely Mesozoic, on the 
west. Most of the movement along this zone of thrusting took place prior 
to the formation of the well known Mother Lode vein system. Between 
this and the Great Valley there are several other zones of thrusting, 
some of great magnitude, all of which dip eastward. 

Between Stanislaus River and Mariposa Creek, a distance of 45 miles, 
the Bedrock Complex is divided into two groups, the Tuolumne and the 
Mariposa; the latter unconformably overlies the former. The Tuolumne 
Group consists of over 15,000 feet of basic volcanic rocks and cherts 
while the Mariposa consists of over 3,000 feet of acid and intermediate 
volcanics, sandstones, and cherts and 2,000 to 2,500 feet of slates. 

On the Merced River and southward into the Indian Gulch Quadrangle 
the following divisions have been recognized : 


Feet 
Group Indian Gulch agglomerates, tuffs, sandstones, and 


Unconformity 


Agua Fria slates, limestones, cherts and tuffs.... 2,000 + 


Hunter Valley cherts and tuffs......... 1,500 
Group 
Agglomerates, tuffs, and flows.......... 


The Tuolumne is largely made up of submarine basic volcanics and 
radiolarian cherts; practically no terrigenous sediments are present 
except in the upper part and these are exceedingly fine grained. It was 
not until the beginning of Mariposa time that terrigenous sediments 
became important and finally predominated. The age of the Tuolumne 
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is not known but since its stage of metamorphism is exactly similar to 
that of the Mariposa it is thought to be lower Mesozoic. 

These beds have been strongly deformed but not isoclinally folded. 
Fracture cleavage and schistosity dip steeply eastward but the bedding 
of the more competent rocks often has a surprisingly low dip over wide 
areas. The folds are all overturned toward the west and are frequently 
faulted. 


Discussion by Bailey Willis and C. W. Washburne. 


GLACIAL FEATURES ALONG COLUMBIA RIVER NEAR LAKE CHELAN 
BY AARON CLEMENT WATERS 7 
(Abstract) 


At the time of the last glaciation in North-Central Washington a 
broad expanse of ice known as the Okanogan lobe occupied the area 
immediately east of the northern part of the Cascade Range. This lobe 
crossed Columbia River and rode out upon the northwestern part of 
the broad, flat Columbia Plateau. In the spurs of the Cascades west of 
the river it encroached upon a region of serrate topography and buried 
peaks and ridges that rise 4.000 feet above the adjacent streams. 

The deposits left by the ice in the two regions are striking and dis- 
tinctive. On the Plateau there is a huge moraine dotted with hundreds 
of erratic basalt boulders many of which measure 60 feet on a side. 
Stratified drift is very rare. In the region of rough topography, on the 
other hand, moraines and other deposits of till are only locally found, 
but numberless terraces composed of stratified glacial drift are con- 
spicuous elements of the scenery. Most of the terrace material shows 
deltaic structures, and appears to have been deposited during the period 
of deglaciation in temporary lakes which were dammed by the ice. 
Suites of these terraces block each tributary valley of the Columbia up- 
stream from the lowermost limit of the ice in Columbia canyon. Their 
form and association with other topographic features indicate that they 
were built in lakes dammed in the tributary valleys by an ice tongue 
that still occupied the main Columbia trough. These lakes were drained 
by streams flowing along the margin of the ice tongue. Locally the 
marginal streams crossed rock spurs between adjacent tributaries and 
excavated precipitous walled spillways which were subsequently aban- 
doned upon withdrawal of the ice. The majority of the spillway notches 
are less than 50 feet in depth, but in the case of a few a prodigious 
amount of rock excavation was accomplished. The most remarkable 
is Alta Coulee, a narrow cliff-walled slot cut 500 feet into fresh granodio- 
rite by a marginal glacial stream. 


Discussion by Eliot Blackwelder, Edwin T. Hodge, and W. M. 
Davis. 


1 Introducted by Eliot Blackwelder. 


| 
H 
4 


TITLES AND ABSTRACTS OF PAPERS 


PLIOCENE SEQUENCE IN THE BERKELEY HILLS 
BY BRUCE L, CLARK 
(Abstract) 


The discovery of the Moraga fault which is along the west side of 
Moraga Valley and San Pablo Valley in the Berkeley Hills, Concord 
Quadrangle, changes the former interpretation of the Pliocene sequence 
in this general area. On the west side of this fault is the type section 
of the Orinda and Siesta formations which are separated by over a 
thousand feet of lavas, tuff, agglomerates and sandstone—the Moraga 
series. The Orinda formation, composed of about 1,000 feet of variegated 
sandstones, shales and conglomerates, comes at the bottom of this sec- 
tion. Lawson and Palache placed all of the continental beds to the east 
of the Moraga fault, which fault they did not recognize, in the Orinda 
formation. They pointed out, however, that the lithology of the series 
in the eastern area was very different from that in the western. Ap- 
parently their explanation for the absence of the lavas and the tuffs in 
the eastern area was that they thinned out in that direction. 


The recognition of the Moraga fault shows conclusively that the lavas 
and tuffs as well as the Orinda and Siesta formations are cut off at the 
fault, and that the continental deposits to the east of the fault are 
younger than any on the west side of the fault. All of these rocks which 
are so well exposed on the west side of the Moraga fault are buried 
beneath these later sediments on the east side. The block on the east 
side of the fault has gone up while that on the west has gone down. 


The continental beds on the east side of the fault have a thickness of 
over 4,000 feet. They contain no lavas, and tuff beds are lacking except 
in the lowest portion of the section as exposed in an anticline west of 
the town of Lafayette. A sliver block along the Las Trampas fault which 
is on the southwest side of the town of Lafayette exposed vesicular lavas 
which undoubtedly underlie this section of later Pliocene deposits east of 
the Moraga fault. Vertebrate fossils obtained from the Orinda and 
Siestan formations of the Berkeley Hills area place the formations in 
the Lower Pliocene. 

A limb bone of the genus Equus has been obtained from one locality 
in the series east of the Moraga fault. This places these beds either as 
Upper Pliocene or Lower Pleistocene. 

The name Tassajero formation is proposed for this series of deposits. 
The type section is found on the southwest side of Mount Diablo where 
it is crossed by Tassajero Creek. It is probable that the Tassajero forma- 
tion includes beds of Middle and Upper Pliocene and Lower Pleistocene 
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STRUCTURAL RELATIONSHIPS OF THE COAST AND CONTINENTAL 
MARGIN OF NORTHERN CALIFORNIA 


BY JOHN H. MAXSON ? 
(Abstract) 


Long stretches of California shoreline exhibit marked parallelism 
with structural trends of adjacent Coast Ranges. It is impossible, how- 
ever, to state from direct observations just what proportion of the coast- 
line is determined or influenced by faulting. Any shoreline so produced 
must in a very short time suffer effacement of the most conclusive evi- 
dence as to its mode of origin, namely the fault surface. Application of 
certain criteria to a long stretch of the northern California coast indicates 
that it is probably a fault coast. 

This view would have a significant bearing on the relationship of the 
continental shelf and continental slope (continental margin) to the 
coast of northern California. A remarkable system of submarine 
trenches has been charted by the United States Coast and Geodetic Sur- 
vey on the continental shelf and slope off Cape Mendocino, From pat- 
tern, profile, cross-profile, and analogy these are believed to be sub- 
merged stream valleys. Yet they do not continue to the shore and are 
not in alignment with existing coastal drainage. 

As a hypothesis it is suggested that the streams of a former old age 
stage represented by the Klamath oldland passed continuously across 
the continental shelf. During an emergent phase of the continent they 
incised their channels in the continental slope. Relatively recent dis- 
placement at or near the coast led to elevation and dissection of the land- 
ward block with migration of stream channels in adjustment to structure. 
The continental shelf and slope was depressed and the shoreline receded, 
leaving inner terminations of submerged valleys out on the 100 fathom 
plateau. The continental margin has behaved as an orogenic block or 
group of blocks and perhaps has undergone counterclockwise rotation, 
further depressing the outer reaches of the submarine valleys with 
respect to their positions during the emergent stage. 


Discussion by Bailey Willis, W. M. Davis, Perry Byerly, Edwin 
T. Hodge, C. W. Washburne, and John P. Buwalda. 


IS PRESENT TILTING IN NORTH AMERICA DUE TO GLACIAL MELTING? 
BY BENO GUTENBERG 
(Abstract) 


Geological investigations have shown that there has been an extended 
uplift in recent time in the Great Lake region and around Newfoundland. 
By use of tide gauge records, G. K. Gilbert and John R. Freeman have 


1 Introduced by John P. Buwalda. 
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found that tilting is still going on in the Great Lake region corresponding 
to an unlift of around 14 foot per 100 miles per century, towards the 
north-north-east. To investigate this tilting more in detail, yearly aver- 
ages of tide gauge records have been used which have been kindly fur- 
nished to the author by the United States Coast and Geodetic Survey, 
the United States Lake Survey, and the Canadian Hydrographic Service. 
The results from the records of the different stations (in the case of 
the Great Lakes the differences between pairs of stations within the same 
lake) were analyzed by the method of least squares under the supposition 
that the changes were proportional to time and that no systematic errors 
occurred. In the Great Lake region all results indicate a tilting without 
question, upward in a northerly direction, by different amounts; for 
example, the change in difference in height between Milwaukee and 
Calumet (Chicago), a distance of about 100 miles, has been 1.03 + 0,12 
feet or 3144 em. per century, calculated from data for 19083 to 1931 
(+ indicates the calculated mean error). The probability that a value 
is between these limits of the mean error is around 84%. The change 
in height between Harbor Beach and Milwaukee (1875-1951) has been 
found to be 0.41 + 0.08 feet (12 + /em.) per century, and between Buf- 
falo and Cleveland (1887-1931) 0.62 + 0.06 feet (19 + 2 cm.) per century. 
The results obtained from the tide gauges along the sea coasts show 
larger errors, especially along the Pacific coast, as the records are greatly 
affected by storms. Along the Pacific coast a small rising of the land is 
indicated at the north, whereas in California the changes in height seem 
to be negative, but small and irregular (extreme values at San Diego 
— 0.53 + 0.24 feet or — 16 +7 em/century, and at Clayaquot, west coast 
of Vancouver Island, + 1.6+0.9 feet or +49 + 27 cm. per century). 
Along the Atlantic coast of Canada the changes are small and within the 
limits of error nearly everywhere, but south of Portland (Maine) sinking 
prevails very clearly (New York — 0.8 + 0.3 feet per century between 
1900 and 1920; J. R. Freeman found the same value from different data, 
1843-1902; the maximum is at Galveston, Texas, — 1.8 + 0.4 feet or — 
54 + 13 «m/century). It is very probable that the tilt in the Great 
Lake region, which is of the same order as has been found for Seandi- 
navia in Europe, is due to forces which tend to restore isostatic equilib- 
rium, disturbed by the melting of ice after the Ice Age, though gravity 
measurements do not support very well this hypothesis either in America 
or in Europe. However, it does not seem to be probable that the sinking 
of the land in the southern part of the United States of America (and 
similarly in France) is connected with isostatic movements, as gravity 
shows no noticeable positive anomalies there. Besides the maximum 
sinking is too far to the south and the volume of the sinking is by far 
larger than that of the rising region in the north. 
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RELAVION OF COCCOLITHOPHORES TO THE ORIGIN OF CRETACEOUS 
CHALK? 


BY DONALD L. FRIZZEL,? 
(Abstract) 


A microscopic examination of Cretaceous chalk samples from 17 
American localities showed that American chalk differs only slightly 
from typical British material. Chalk is composed of about 15 per cent 
of foraminifers, a very small amount of mollusk shells and sponge 
spicules, and a fine-grained matrix, which constitutes the bulk of the 
material. A specially devised method for examining the matrix dis- 
closed that it is composed of countless numbers of rhabdoliths. That 
American chalk consists for the most part of skeletal remains of 
pelagic algae appears to be borne out by this investigation; the hy- 
pothesis of the inorganic origin of the material is thus refuted. 


PIEDMONT BENCHitANDS 
BY W. M. DAVIS 
(Abstract) 


Under the lead of the late Walther Penck, a number of German 
geomorphologists have accepted his explanation of piedmont bench- 
lands, such as he describes for the Black Forest and such as occur in 
the piedmont belt of southeastern Pennsylvania and eastern Mary- 
land, as the result of erosion during a time of continuously accelerated 
upheaval. Intermittent upheaval alternating with still-stand pauses 
is explicitly excluded. W. Penck’s analysis of his explanation and his 
ideas on Primiirriimpfe are here reviewed. The conclusion is reached 
that his explanation of piedmont benchlands is erroneous and that the 
occurrence of his Primiirriimpfe is, to say the least, unusual. 


Discussion by Bailey Willis and Bruce L. Clark. 


RAIN-WASH PROFILES OF HUMID REGIONS 
BY ANDREW C. LAWSON 
(Abstract) 


In humid regions occupied by recks susceptible to decay the profiles 
of the relief at maturity become rounded. As the hills diminish in 
altitude by erosion the convexity passes from curvatures of less to 
those of greater radius, the ridges are dissected into discrete hills, 


1 Published by permission of the Director, U. S. Bureau of Mines (not subject 
to copyright). This paper presents the results of work done under a cooperative 
agreement between the Northwest Experiment Station, U. S. Bureau of Mines, and 
the University of Washington, Seattle, Washington. 

2 Junior Paleontologist, U. S. Bureau of Mines, July 1 to September 30, 1931. 

Introduced by Hubert G. Schenck. 
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and the landscape becomes that of an assemblage of domes, the con- 
tours of which tend to become circles of less and less radius. The 
round-topped ridges and the domes are shaped by the normal process of 
rain-wash. There is no corrasion involved. The maximum lowering of 
the hills is at the summit, where the volume of water and its velocity 
are at a minimum. The capacity of the water per unit of volume 
diminishes down the slope, but less rapidly on the slope of a ridge 
than on that of a dome. The action of rain-wash on a hill slope differs 
from that of a stream at its head waters in the limitation of its work 
to transportation and its being constantly loaded to capacity; so that 
it develops a convex profile; while the river is underloaded and is en- 
gaged in corrasion as well as transportation and develops a concave 
profile. 


Discussed by W. M. Davis. 


GEOLOGIC CROSS-SECTIONS THROUGH THE COAST RANGES IMMEDI- 
ATELY NORTH OF SAN FRANCISCO BAY 


BY CHARLES E. WEAVER 
(Abstract) 


The completion of the areal mapping of the Napa, Vacaville, Antioch, 
Carquinez, Mare Island, Santa Rosa, Petaluma and Point Reyes quad- 
rangles reveals the presence of 52 mapable geologic units ranging in 
age from pre-I'ranciscan granite and crystalline limestones to Quater- 
nary alluvium. The San Andreas fault following the trough of Tomales 
Bay separates the granites and Monterey shales on the west from the 
Franciscan sandstones and associated igneous roeks on the east, and at 
no place do any of these cross the fault. 

The Cretaceous sediments attain a maximum thickness of 35,000 feet 
and are represented by the Knoxville and Chico divisions, the Horse- 
town being absent. The Eocene, Oligocene and Miocene formations 
are similar in lithologic character to those exposed elsewhere in the 
Coast Ranges of Middle California. The Pliocene consists of marine 
and fresh water sediments and a very widely distributed series of 
lavas and tuffs ranging in thickness up to 2,200 feet. They consist 
predominantly of basalts and andesites in the lower and middle portions 
and rhyolites at the top. 

As a result of late Pliocene or early Pleistocene diastrophism these 
formations have been folded and faulted with the ultimate develop- 
ment of prevailing northwest and southeast structural trends. Thrust 
faulting in the nature of imbrications has caused several blocks in suc- 
cession to move upward one upon the other in varying amounts from 
the east toward the west. Associated with these are normal fault ad- 
justments. 


Discussion by F. M. Anderson and Bruce L. Clark. 
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AGE OF METEOR CRATER, ARIZONA 
BY ELIOT BLACKWELDER 
(Abstract) 


Meteor Crater, on the plateau of northern Arizona, has been studied 
chiefly with reference to its origin. Its age and physiographic history 
are problems to which insufficient attention has been given. The parapet 
surrounding the crater now consists largely of white pulverized sand- 
stone thickly strewn with blocks and smaller fragments of limestone. 
This covering has all the essential characters of a desert pavement. It 
is therefore believed to be only the residue of a much larger mass which 
has been acted upon over a long epoch by deflation. A careful study of 
the effects of solution upon the limestone boulders, the development of 
valleys on the outer slope, the formation and wastage of talus and 
alluvial fans within the crater, and the nature of the deposits in the 
central basin all indicate an alternation of climatic conditions and a 
duration of time which suggests the last interglacial epoch of the 
Pleistocene as the time when the crater was made by the impact of a 
meteoric projectile. 


Discussed by John P. Buwalda. 


AGE OF COLUMBIA RIVER AND LOWER CANYON 
BY EDWIN T. HODGE 
(Abstract) 


The Columbia River Gorge as developed between The Dalles and 
Troutdale, Oregon, has been considered an outstanding example of 
erosion by an antecedent stream from the time of Condon, Newberry, 
King, Hague, and LeConte. Detailed geologic mapping of the Columbia 
River and adjacent country from Portland to the Wallula gateway has 
furnished evidence that the river was at the outset consequent, and later 
superimposed. 

The Oligocene Eagle Creek formation exposed at the base of the 
gorge is a section of the south part of a great volcanic cone. Thousands 
of long, narrow flows (Columbia River Basalt) almost buried Eagle 
Creek volcano in Miocene time and must have destroyed any pre-exist- 
ing drainage system. The basalt formation is divided into two parts by 
a widespread agglomerate, ancient soil cover or micaceous sandstone. 
It was folded in early Pliocene time and eroded in late Pliocene to 
form the Coriba Surface, a landscape of late youth. except locally 
near Hood River, Willamette Valley, and Bridal Veil Valley, where it 
had reached maturity. The valleys of the Coriba stage ran at right 
angles to the present gorge of the Columbia. The western half of the 
gorge is cut into the south limb of a large east-west anticline which 
changes abruptly to a north-south zone of crumpled folds and associated 
faults west of Hood River; east of this are large open folds that 
decrease in height, but increase in width to the Horse Heaven hills. 
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The Coriba surface was buried beneath late Pliocene or early Pleis- 
tocene pyroclastics (Rhododendron formation) which are water-sorted 
only adjacent to valleys of the Coriba stage and on the east side of the 
Cascade Mountains. These pyroclastics buried all lowlands of the Coriba 
surface and created a barrier across the small progenitor of Columbia 
River which had a course many miles to the south, This stream aggraded 
its course to an elevation of 1,900 feet above sealevel and produced shal- 
low Condon Lake east of the volcanic zones. The aggraded stream and 
playa lake eventually trangressed Horse Heaven hills and diverted 
waters of the upper Columbia-Snake river drainage systems westward. 
Thus “foreign” gravels were carried westward by this extended river to 
Willamette Valley where they were deposited in a great piedmont fan 
(Pleistocene Troutdale formation); these “foreign” gravels are more 
numerous and the formation is thickest fifteen miles south of Columbia 
Gorge. In the gorge itself they occur only on the east slope of Willa- 
mette Valley. The new Rhododendron surface then was at the same 
elevation as north-central Oregon, except for widely scattered explosive 
voleanoes, This surface was eventually buried by basaltic, andesitic, and 
trachytie lava flows which formed the constructional Cascade Moun- 
tains. The lava flows dammed the Columbia River, and deepened Con- 
don Lake until it spilled over the col formed by the Cascade formation 
on the south and by the south-dipping Coriba surface on the north. In 
this new course, the still consequent Columbia River rapidly super- 
posed itself on Troutdale, Columbia River Basalt, and Eagle Creek 
formations and quickly cut a gorge at places 4,000 feet deep. 

The erosion of the present gorge of the Columbia River may have 
started before the distribution of the foreign glacial erratics, and is 
definitely later than the first glacial epoch in Oregon, because the ex- 
tensive glaciers of this epoch would have reached the gorge had it been 
present. The extreme youth of the gorge is indicated by its complete 
lack of grade and by its precipitous walls. 


Discussion by Ralph W. Chaney and Aaron Clement Waters. 


GEOLOGY OF ARIEL DAM SITE 


BY IRA A, WILLIAMS 
(Abstract) 


Ariel dam is located on Lewis River, in the State of Washington. It was 
completed in 1931. The foundation rocks are inclined lava flows with 
some intervening fragmental volcanics and sedimentary beds. 

The preliminary investigations of this site are outlined as consisting 
of surface examination, core-drilling, trenching, test-pitting and sinking 
of shafts and drifts, and the use of the electric prospecting method. 

Bedrock in the channel bottom was shown by the core-drilling to lie 
125-130 feet below the river surface, and 75 to 80 feet below sealevel. 
This buried channel was filled with gravel, sand, and boulders. An- 
other broader old and filled channel was found at one side of the present 
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river canyon which, though at a higher level, would be inundated to a 
depth of over one hundred feet by the water of the storage lake. 


UPPER EOCENE MAMMALS FROM THE SESPE, NORTH OF THE SIMI 
VALLEY, CALIFORNIA 


BY CHESTER STOCK 
(Abstract) 


In the Sespe section of 7,470 feet exposed in the Simi anticline, fossil 
vertebrates have been found in beds from 1,600 to 3,000 feet above the 
eontact with the marine Eocene (Domengine?). The fauna, which in- 
cludes titanotheres, rhinoceroses, artiodactyls, rodents and creodonts, is 
clearly older than the Lower White River (Lower Oligocene) of the 
Great Plains. 

A study of the assemblage is now in progress but the presence of 
individual types as for example an aquatic rhinoceros related to Amyno- 
don, an artiodactyl evidently related to Protylopus, and the rodent genus 
Paramys indicates a late Eocene age. : 


Discussion by Ralph W. Chaney, Bruce L. Clark, and Andrew C. 
Lawson. 


UPPER OLIGOCENE MAMMALIAN FAUNA FROM THE SESPE OF THE 
LAS POSAS HILLS, CALIFORNIA 


BY CHESTER STOCK 
(Abstract) . 


Near the top of a section of Sespe deposits measuring approximately 
3,500 feet in thickness occurs a vertebrate fossil locality from which 
a varied assemblage of Mammalian types has been secured. The Kew 
Quarry, as this locality has come to be called, has yielded a fauna in- 
cluding ungulates, carnivores and rodents. The presence of Subhyraco- 
don, an ischyromyid rodent, Mesocyon, Temnocyon, Nimravus and Mio- 
hippus points to a faunal stage having a relationship with the upper or 
middle White River of the Great Plains on the one hand and with the 
John Day of north-central Oregon on the other. 


Discussion by W. F. Barbot and N. L. Taliaferro. 


PETROGRAPHIC STUDY OF QUICKSILVER ORES AND ASSOCIATED 
MINERALS FROM PIKE COUNTY, ARKANSAS? 


BY RUDOLPH G. SOHLBERG * 


The quicksilver ores are found along bedding planes and fractures of 
the Jackfork sandstone of Mississippian age. Cinnabar, the main ore 


1 Presented with permission of the State Geologist of Arkansas. 
2Introduced by Austin F. Rogers. 
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mineral, occurs for the most part as well crystallized masses, but also 
forms euhedral twin crystals in cavities. The secondary minerals present 
are calomel, mercury, and a dark alteration product, probably metacinna- 
bar, the last being found as a thin coating on the cinnabar. The country 
rock is a quartzitic sandstone. 

Closely associated with the cinnabar is dickite, a mineral of the kaolin 
group, Which has formed both in the interstices of the quartz grains and 
iu the grains themselves as a replacement. The dickite occurs as pseudo- 
hexagonal crystals and aggregates and is identified by its optical proper- 
ties. The association of cinnabar with dickite, typical of all specimens 
examined, indicates the hydrothermal origin of these deposits. 


Discussed by Austin F. Rogers. 


DEVICE FOR SAMPLING HEAVY MINERALS 
BY GEORGE H. OTTO? 
(Abstract) 


In heavy mineral studies it frequently happens that the total heavy 
mineral concentrate is much larger than can be mounted conveniently 
on one microscope slide The attainment of a truly representative sample 
in such cases is often difficult. This difficulty has been overcome to a 
great extent by using a miniature sampler modelled somewhat after the 
Jones ore sampler. The device measures 2 X 2% X 2% inches over all. 
It consists of fourteen inclined plates of 1/16-inch sheet brass, seven 
sloping to one side, and seven alternate plates sloping to the other side. 
The plates are separated by thin sheet metal partitions. Each passage 
of the sample through the device divides it into two equal portions. By 
repetition of the process, the sample can be quickly and accurately re- 
duced to a size suitable for a microscope slide. 


ANAUXITE AS A SECONDARY MINERAL IN SOME VOLCANIC ROCKS OF 
CALIFORNIA AND ARIZONA 


BY AUSTIN F, ROGERS 
(Abstract) 


Anauxite (A1,0,.3Si0,.2H,O), first described by Breithaupt in 1838 and 
established as a distinct mineral by Dittler and Hibsch in 1923 on ma- 
terial from the type locality, Bilin, Czechoslovakia, is a widely distributed 
mineral. 

The occurrence of anauxite in the United States was first mentioned 
by the writer at the Madison meeting of the Mineralogical Society in 
1926. At this same meeting a mineral from the Ione formation of Cali- 
fornia was described as “‘ionite,” a new mineral by V. T. Allen, who, find- 
ing later that it was anauxite, withdrew the name. 


1Introduced by John P. Buwalda. 
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In pyroxene andesites from Jamestown, Tuolumne County ; Drakesbad, 
Plumas County, and Lake County, California; and near Tucson, Pima 
County, Arizona, anauxite is found in cavities, in minute, pale brown, 
thintabular, pseudohexagonal euhedral crystals. The crystal forms are 
(001), (010), (110), and (100). The latter form distinguishes anauxite 
from similar minerals. The indices of refraction are na 1.547003, ng, ny 
1.573+.003, ny-na 0.024+004. The optical orientation is a=y, b=, c=a, 
The axial plane is parallel to (010) which distinguishes it from the Kaolin 
minerals (Kaolinite, dickite, and nacrite). The mineral is slightly pleo- 
chroie in thin sections. 

The anauxite is associated with tridymite, cristobalite, or cristobalite 
paramorphs after tridymite, in all the occurrences studied. It is prob- 
ably a late hydrothermal mineral formed after the pneumatolytic period 
of the silica minerals. 

Ross and Kerr place anauxite in an isomorphous series: with kaolinite 
since they give the same X-ray diffraction pattern. This relation to kao- 
linite is questioned, since there are differences in crystal forms, optical 
orientation, double refraction, pleochroism, chemical formula, and oc- 


currence. 


tead by title. 


CERTAIN PEGMATITE FACIES OF THE WALLOWA MOUNTAINS BATHO- 
LITH IN NORTHEASTERN OREGON 


BY G. E. GOODSPEED 
(Abstract) 


Pegmatite facies are common at many localities along the contact of 
the Mesozoic intrusion of granodiorite. These are in the form of dikes 
and irregular masses and are especially prevalent where the roof rock 
is marble or a metamorphosed calcareous rock. One locality at Aneroid 
Lake, south of Joseph, Oregon, presents field and petrographic evidence 
indicating that an earlier igneous stage of the pegmatite was followed 
by a later stage in which the action of volatile constituents played an im- 


portant role. 
RELATION BETWEEN SILVER CONTENT AND TETRAHEDRITE IN THE 
ORES OF SOME WESTERN AMERICAN MINES 
BY HARRY V. WARREN ? 
(Abstract) 


It has been known for a long time that tetrahedrite plays an important 
role in contributing the silver of rich argentiferous ores. 

However, galena carrying up to .2% of silver, has been considered re- 
sponsible for at least the bulk of the silver in many ores which have a 


1Introduced by F. L. Ransome. 
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low silver content. Furthermore, in some districts a portion of the silver 
has been found in the zinc concentrates and this being a most unwelcome 
occurrence it Was important that the cause of this trouble should be de- 
termined. 

My work has shown conclusively that blende carries no silver except 
as mechanical inclusions of tetrahedrite. 

Galena in only one district carries more than .1% of silver chemically 
combined and usually tetrahedrite although present in small quantities 
is responsible for at least 40% of the silver in the ore. This tetrahedrite 
frequently can only be seen in polished sections. In the districts where 
zine is found with the silver concentrates the tetrahedrite is of a variety 
containing from 7% to 15% zine and having a formula approximating to 
Sb.S,, ZnS, 2 Cu.S, with arsenic replacing antimony and silver copper. 


Discussed by Austin F. Rogers. 


OCCURRENCE OF MONAZITE IN A GRANODIORITE PEGMATITE IN 
RIVERSIDE COUNTY, CALIFORNIA 


BY LELAND H. DYKES? 
(Abstract) 


Mocnaz te is found in scattered areas throughout a granodiorite pegma- 
tite located in Riverside County, California. The mineral may constitute 
as much as 0.8% of the pegmatite and is confined in two limited and well 
defined zones, the first being termed the Feldspar Zone and the second 
the Tourmaline Zone. 

The Feldspar Zone consists of small patches of albite which are char- 
acterized by a well developed system of curved joints. The monazite oc- 
curs as distinct crystals along these joints together with massive black 
tourmaline and secondary quartz. 

The Tourmaline Zone is made up of numerous black tourmaline crystals 
found near the contact of the pegmatite with the country rock. Some 
of these crystals have a cross-section of eight inches and a length of two 
feet or more. Along the margin and penetrating the tourmaline are 
found scattered crystals of monazite. The monazite usually occurs as 
groups or clusters and the individual crystals may attain a maximum 
length of two inches. 

From field’ observations it appears that the monazite was one of the 
last minerals to form. 


COMPARISON OF TWO GRANITES 
BY W. J. MILLER 
(Abstract) 


In the San Gabriel Mountains of California the writer has mapped two 
formations among various others—the Echo granite (pre-Cambrian?) 


1Introduced by Austin F. Rogers. 
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and the Lowe granodiorite (late Jurassic). In the field certain charac- 
teristics and relationships usually furnish good evidence for a distinction 
between these two often closely associated formations. The usual at- 
tempt to check the field work by a study of many thin sections was, 
however, disappointing because, in various instances, thin sections of 
parts of one formation were found to be almost exactly like thin sections 
of parts of the other formation. In other words differences in composi- 
tion and texture within either one of the formations were found to be 
about as great as differences between these two formations so widely 
different in age. It is concluded, therefore, that, in certain cases, mi- 
croscopic features as criteria for the age distinction of two plutonic 
bodies may be of little value, and that field relations and characteristics 
alone must be depended upon. 


Read by title. 


ENDOMORPHIC ALTERATION OF BASALTIC FLOWS 
BY RICHARD E, FULLER 
(Abstract) 


In southeastern Oregon, many of the flows in the extensive late Tertiary 
basaltic series show extremely sharp margins between altered and un- 
altered facies. Asa rule the alteration is confined to the central portion 
of irregular coarse vertical joint blocks, while the rock adjacent to the 
major vertical cracks is perfectly fresh for a width of two to six inches. 
The upper margin of this zone of alteration within each block is usually 
dome shaped. 

This alteration is attributed to the retention of the volatiles beneath 
the solidified surface, causing thereby the decomposition of the olivine 
and the impregnation of the rock with deuteric residua!s. In the upper 
part of the flow and adjacent to the major cracks, the volatiles escaped, 
leaving the rock as a remarkably porous holocrystalline netlike mesh 
of feldspathic laths, augite and olivine. The writer has previously pro- 
posed for this texture the name “diktytaxitic” (Greek, diktuon, net + 
taxis, arrangement). 

Presumably the local loss of volatiles promoted the solidification of 
the rock adjacent to the cracks prior to that in the center of the blocks. 
This relation suggests Sosman’s hypothetical origin of columnar jointing 
which he attributed to convections currents similar to those controlling 
the cellular structure developed during the solidification of thin layers of 
certain liquids. Although from their fluidity and thinness many of these 
flows form an ideal setting for this interpretation, it is refuted both by 
the absence of hexagonal] columns and by the fact that the orientation 
of large plagioclase phenocrysts hear no relation to the joint cracks. 
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SEGREGATIONS FROM THE FRACTIONAL CRYSTALLIZATION OF BASALT 
BY RICHARD E, FULLER 
(Abstract) 


Some of the basaltic flows exposed on the eastern scarp of Steens 
Mountain in southeastern Oregon contain lenticular segregations which 
as a rule are horizontally oriented. They are seldom over six inches in 
thickness and can rarely be traced for more than thirty feet. Their 
original high volatile content is indicated by vesicles and large cavities 
as well as by alteration of the adjacent rock. 

Chemical analyses show the segregations to be higher than the enclos- 
ing rock in silica, potash, soda, titanium and iron, and lower in the other 
constituents. They are therefore presumably the product of the frac- 
tional crystallization of both the plagioclase and the pyroxene series. 

Field evidence indicates that the fluid differentiate has been carried 
up by rising volatiles and then spread out in planes of weakness. The 
most notable segregations were observed in flows showing surface de- 
formation. The localization of the segregations may have been caused 
by movement of the solidified crust during the consolidation of the lava. 
This may also account for the fact that some segregations appear to have 
been fractured while both they and the enclosing rock were partially con- 
solidated. 


Discussed by Aaron Clement Waters, Andrew C. Lawson, and 


Edwin T. Hodge. 


ORIGIN OF THE PILARES PIPE 
BY DONALD D. SMITHE?! 
(Abstract) 


In a study of those ore bodies occupying vertical, more or less cylin- 
drical, pipes new evidence has been discovered relative to the origin of 
the Pilares Pipe of northern Sonora, Mexico. This lies in a region of 
voleanie rocks, probably of Tertiary age, which have been broken up into 
a graben and horst structure as is demonstrated by the faults discern- 
ible in the field and indicated by the unusual drainage pattern seen on 
the maps. 

From the basin-shaped contacts between the various beds, which have 
assumed positions below those of the surrounding, undisturbed strata, 
it has long been evident that the core had settled down. The recent dis- 
covery of a block of the underlying tuffaceous dacite some hundred and 
fifty feet above its normal position now shows that the core was lifted 
prior to the subsidence. 

It is thought that the area now occupied by the Pilares Mine lies above 
the locus of a cupola arising from a deep-seated intrusive mass. The 


1 Introduced by F. L. Ransome. 
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thinning of the crust above the cupola and the increased gas pressure 
there were the probable causes of the breaking loose and uplifting of the 
core which was not completely ejected due to the escape of gases around 
its periphery. The subsequent downward movement was doubtless ef- 
fected under the influence of gravity. 


Discussed by Andrew C. Lawson, G. E. Goodspeed, and C. W. 
Washburne. 


SOME INTER-RELATIONS BETWEEN PHASES OF ALTERATION AND TYPES 
OF ROCKS IN THE TONOPAH MINING DISTRICT, NEVADA 


BY IAN CAMPBELL! 
(Abstract) 


The more important formations in which the ore deposits of the Tonopah 
(Nevada) district occur are: 1, the Tonopah formation, a complex series 
of voleanic breccias, tuffs and flows; 2, the Mizpah trachyte, a massive, 
keratophyric flow; and 3, the West End rhyolite, an intrusive breccia of 
peculiar character. The character of these rocks has in many places been 
profoundly affected by the hydrothermal alteration associated with the 
process of ore deposition. 

As in all deposits of this epithermal type, younger parageneses have 
been superimposed upon older, and separation into distinct phases can- 
not always be made. Nevertheless it appears that the earliest alteration 
was rather widespread, that it antedated the actual ore deposition, and 
that it was essentially of a propylitic type. The second phase of altera- 
tion was of a more intense type. It showed control by existing chan- 
nels, and it preceded, in part at least, the actual mineralization. The 
last phase, one of more limited development, was really a late sub-phase 
of the preceding. 

The effects of these different phases of alteration upon the Mizpah 
trachyte and the West End rhyolite resulted in interesting contrasts. 
Thus propylitization converted the Mizpah trachyte into a structurally 
weak rock, but in the same situation the West Ind rhyolite was relatively 
unaffected. 

Within the region of more intense alteration, where propylitization gave 
Way to sericitization, conditions were reversed. The Mizpah trachyte, 
originally porous, became not only partially sericitized, but strongly 
silicified, and suitable for the ore channels. The West End rhyolite, how- 
ever, fell easy prey to the more volatile agents of sericitization. Thus 
it became, in this zone, a soft, plastic rock, unsuited for the maintenance 
of channels. 

Viewed on a large scale, supergene alteration processes have played a 
relatively unimportant part in the district. 


1 Introduced by John P, Buwalda. 
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CUNVENIENT METHOD OF USING REFRACTIVE INDEX LIQUIDS 
BY AUSTIN F, ROGERS 
(Abstract) 


A set of 30 index liquids ranging from 1.45 to 1.75 inclusive and vary- 
ing by 0.01 are kept in small amounts in vials in a semi-circular con- 
tainer. In order to save both time and liquids, they are arranged and 
used in dichotomous order. 

One starts with liquid 1.60 which is at the center and determines 
whether the mineral is greater or less. If less, liquid 1.52 is next used; 
if greater, liquid 1.68 and so on until the index of the mineral is deter- 
mined within 0.005. For isotropic or weakly bi-refringent substances, 
only five drops are needed in favorable cases. 

By mixing equal-sized drops, liquids of intermediate index may be 
obtained. Under favorable conditions with temperature control and 
monochromatic light, indices may be determined with an accuracy of 
+0.001, 


MIOCENE FORAMINIFERA FROM RELIZ CANYON, MONTEREY COUNTY, 
CALIFORNIA 


BY RORERT M. KLEINPELL 4 
(Abstract) 


The lower Salinas shale (Miocene), as exposed in Reliz Canyon, Mon- 
terey County, California, carries 119 species and varieties of fossil fora- 
minifera. A number of these are stratigraphically restricted ; others are 
abundant only through a certain stratigraphic interval; a few range 
through the section with little change. Eighteen zonules are recognized ; 
the lowermost is in shale partings near the top of the Vaqueros forma- 
tion whereas the uppermost is 5,0U0 feet above the base of the Salinas 
shale, overlying 1,200 feet and underlying 3,000 feet of barren siliceous 
shale. The zonules may be grouped roughly into 4 (well defined) to 8 
subzones, and 2 (well defined) to 4 zones, excluding the barren members, 
each characterized by certain assemblages. These assemblages are, with 
due regard for facies variations, relatively uniform and their strati- 
graphic sequence constant throughout the Californian Coast Ranges 
from the Los Angeles basin on the south to the Santa Cruz basin and 
possibly the Humboldt basin in the north. 

The faunas represent six facies. 

A foraminiferal fauna of equivalent age and characteristic of a dis- 
tinct subzone occurs in the uppermost typical Vaqueros formation, the 
middle typical Rincon formation, and the lower middle typical Temblor 
formation. The basal portion of the typical Monterey formation is 
younger than the uppermost typical Temblor formation. 


Read by title. 


TIntroduced by Hubert G. Schenck. 
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CONTACT CONDITIONS OF SOME CHROMITE DEPOSITS IN SERPENTINE 
IN THE KLAMATH MOUNTAINS 


BY JOHN H. MAXSON ? 
(Abstract) 


The present paper is based on studies of the Tyson Chrome, properties 
at Low Divide and French Hill in Del Norte County, California, and of 
several prospects in northwestern Siskiyou County, California. In all 
the deposits studied the chromite occurs in nerthwest-striking lenticular 
bodies, which apparently were oriented by orogenic forces during forma- 
tion. Within them and between them and the country rock of dunite, 
peridotite, or serpentine are innumerable fractures and minor faults with 
associated slickensided surfaces. Sharp contacts with serpentine are 
common. Chromite from a prospect on the northwest slope of Copper 
Peak in Siskiyou County shows fine brecciaticn adjacent and parallel to 
an unbroken contact with serpentine. This is interpreted as indicating 
the emplacement of chromite prior to the movement and brecciation which 
accompanied serpentinization. Banding of chromite and serpentine ap- 
pears to be parallel to contacts without being related to preexisting 
fissures. It is believed to be a primary or flow structure. In the Low 
Divide district some smaller deposits are connected with continuous 
fissures and are hydrothermal in origin. 

The early and late magmatic stages of development are continuous. 
Field evidence shows that solidification and jointing of portions, at least, 
of the parent rock took place before serpentinization. 


Discussion by N. L. Taliaferro and Austin F. Rogers. 


CENOZOIC HISTORY OF THE SAN GABRIEL MOUNTAINS OF CALIFORNIA 
BY W. J. MILLER 
(Abstract) 


Much evidence leads to the conclusions that the San Gabriel mountain 
region was a positive area throughout Cenozoic time; that the great 
bodies of clastic Tertiary sediments, 2 to 3 miles or more thick, around 
the mountain region were derived largely from this positive area; that 
the Tertiary basins of deposition were separated from the adjacent posi- 
tive area by nearly vertical normal faults along which recurrent move- 
ments of varying amounts took place during Tertiary time; that isostatic 
adjustment was an important factor controlling these movements; that 
the western one-half of the positive area was topographically in ad- 
vanced old age, and the eastern part was in late maturity or early old 
age, at the end of Pliocene time; that the great orogenic pressure be- 
ginning at the close of the Pliocene and continuing well into the Quater- 
nary not only greatly deformed the Tertiary strata, but also caused the 
uplift of the present San Gabriel Mountains by movements along both 
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old and new marginal faults; and that to a considerable extent, par- 
ticularly where the orogenic pressure was unusually severe, as in the 
Little Tujunga region and along the San Andreas fault zone, these later 
fault movements were of a high-angle thrust character involving a change 
of old normal faults into steep-dipping thrust faults, and causing Ter- 
tiary strata to dip under pre-Cretaceous crystalline rocks. 

An acount of the history of the mountains since the great Quaternary 
uplift has been published by the writer. 


Discussed by F. M. Anderson, Bailey Willis, and C. W. Wash- 
burne. 


GROOVING OF ROCK SURFACES BY SAND LADEN CURRENTS 
BY ELIOT BLACK WELDER 
(Abstract) 


Rippling or vibrating currents laden with sand tend to carve parallel 
grooves in rock surfaces over which they flow. The grooves are round- 
bottomed and in plan are lenticular. They are separated by sharper 
ridges. Both are elongated in the direction of the flow and are therefore 
unlike ripple marks. They are strictly erosional features. Currents of 
wind and also currents of water in the form of streams or wave-wash 
chisel grooves of similar but slightly different forms. All kinds of rocks 
are thus carved. The author cites examples on massive sandstone, lime- 
stone, hornfels and granite. 


Read by title. 


MICROSTRUCTURES OF THE GOLD QUARTZ VEINS AT CORNUCOPIA, 
OREGON 


BY G. E. GOODSPEED 
(Abstract) 

The gold quartz veins of Cornucopia, Oregon, are analogous to the 
Mother Lode veins of California. DPetrographie studies of numerous sec- 
tions show that the metallization followed the main period of vein forma- 
tion. The brecciation which allowed access for the later solutions is 
usually evident only in thin section. Certain relict structures in the 
earlier quartz favor the interpretation that replacement processes were 
important factors in the mechanism of formation. 


OLIGOCENE SEDIMENTS OF THE YAKATAGA-CONTROLLER 
BAY REGION, ALASKA 
BY N. L. TALIAFERRO 
(Abstract) 


Tertiary sediments occur along the Alaskan coast from Icy Bay to 
Katalla, a distance more than 100 miles. These beds are very fossil- 
iferous in the Yakataga district and sparingly so in the vicinity of 
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Controller Bay. <A study of the collections from this region has been 
made by Dr. B. L. Clark and the sediments have been assigned to the 
Upper Oligocene on the basis of the fauna. 

In the Yakataga district these beds are divided into two formations, 
the Poole Creek and the Yakataga. The former consists largely of dark 
platy calcareous shale and is conformably overlain by the latter which 
is made up of sandstones, shales, and shale-matrix conglomerates in part 
or glacial origin. Two very similar units are recognized in the Controller 
Bay region, the Katalla and Redwood formations. The former is litho- 
logically similar to the Poole Creek and is correlated with it while the 
Redwood formation is thought to be the equivalent of the Yakataga 
beds. 

Many shale-matrix conglomerates and breccias containing marine fos- 
sils occur in the Yakataga and Redwood formations. These contain an- 
gular faceted blocks of igneous and metamorphic rocks- up to 10 feet in 
length; they are identical with recently uplifted marine glacio-fluvatile 
sediments distributed about the front of Guyot Glacier on the shores of 
Icy Bay. The character of these beds and their great similarity to recent 
marine moraines indicate that the climatic conditions during the Upper 
Oligocene were very similar to those of the present day and that glaciers 
advanced almost to the coast during the deposition of these sediments. 


Discussion by Bruce L. Clark. 


FAUNA OF THE YAKATAGA FORMATION OF SOUTHERN ALASKA 
BY BRUCE L, CLARK 
(Abstract) 


The fauna of the Yakataga formation of Southern Alaska is correlated 
with that of the Blakeley formation of Washington and with that of the 
San Ramon formation of California, which formations are considered by 
the writer to be of Upper Oligocene age. Some paleontologists place 
these beds in the Lower Miocene. The fauna represents a cool facies 
such as is found living off the coast of Southern Alaska. 


Discussed by U. 8. Grant and N. L. Taliaferro. 


GEOLOGICAL RECONNAISSANCE OF THE PRYOR MOUNTAINS, MONTANA 
BY DONALD L. BLACKSTONE? 
(Abstract) 


The Pryor Mountains situated in Carbon County, in south-central Mon- 
tana, are separated from the Big Horn Mountains on the southeast by 
the Big Horn River. They consist of a series of uplifted blocks, five in 
number, and roughly divided into four quadrants by an East-West fault 
and a North-South fault. Each of these blocks is tilted from northeast 
to southwestward. The strata within each are folded with the axes 


lIntroduced by Charles E. Weaver. 
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trending north and south. The folds in the southern blocks are faulted 
along these axes. 

Granitic gneiss constitutes the base of the stratigraphic section in the 
eastern scarp of East Pryor Mountain. The gneisses are overlain un- 
conformably by a Paleozoic series beginning with the Cambrian and ex- 
tending as far into the Mesozoic as the Middle Cretaceous with a total 
thickness of approximately 1,600 feet. The younger formations have 
been stripped from the fault blocks and are now represented by a series 
of low cuestason, the south and southwest flanks of the area leaving the 
dip slopes of the blocks capped by Madison limestone upon which rest a 
few remnants of Carboniferous Amsden and Pennsylvanian Tensleep 
formations. On the northwest of the four blocks the Cretaceous strata 
are exposed over the greater part of the surface. 


Discussed by W. J. Miller and Edwin T. Hodge. 


LAND MOVEMENTS AND SEDIMENTATION 
BY M. Y. WILLIAMS 
(Abstract) 


The Upper Cretaceous Pierre sediments as represented across the 
southern great plains of Canada, consist of sandstones in the west, of 
shales in the east, and of alternating sandstones and shales in the central 
area. The series represents almost continuous sedimentation in shallow 
seas, in river estuaries and on flood plains. The shales are marine, the 
sandstones continental, and the transition zones are those typical of 
brackish water. 

From the accumulated knowledge of Pierre sediments in different parts 
of the country, the relative rapidity of sand and mud sedimentation has 
been estimated. For the central area, the accumulation of sediment in 
2.2 feet of sandstone represents approximately the same time as the ac- 
cumulation of mud now compacted into 1 foot of shale. On this basis, 
events represented in the geological section may be calculated for equal 
units of time, and a curve with abscissa in units of time and ordinates 
in units of thickness of sedimentation may be drawn to indicate the rela- 
tive position of a datum plane (such as the base of the Pierre sediments) 
for the duration of Pierre time. A study of this curve shows that the 
fluctuations of the Pierre Seas were controlled by the balance between 
sedimentation and subsidence. No positive land movements are indicated. 

Measurements of the quantities of Pierre sediments lead to the con- 
clusion that they were derived from the erosion of some 18,000 feet of ris- 
ing mountain tract west of the site of the present Rocky Mountains in 
southern British Columbia. 


Read by title. 
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EXPERIMENTS TESTING SEISMOGRAPHIC METHODS FOR DETERMINING 
CRUSTAL STRUCTURE 


BY BENO GUTENBERG, HARRY 0. WOOD, AND JOHN P. BUWALDA 
(Abstract) 


The refraction and reflection methods familiar to seismologists have 
been used by geophysical prospecting companies and petroleum corpora- 
tions for some years in their search for economic deposits and oil struc- 
tures. Relatively little has been published, however, regarding the na- 
ture and effectiveness of this mode of investigation. As a result of plans 
formulated by Dr. Arthur L. Day an opportunity was afforded to test 
the methods and their applicability to several types of structural prob- 
lems. The experiments were made possible by a grant from the Carnegie 
Institution of Washington and through the generous cooperation of Dr. 
J. ©. Karcher and Mr. Henry Salvatori of Geophysical Service, Inc., of 
Dallas, Texas. The field studies occupied most of July and August, 1931. 

Some of the problems for the solution of which it was desired to test 
the methods were: the depths to successive formation boundary surfaces 
and hence the thicknesses of sedimentary formations; the thickness of 
the granitic or continental layer: the velocity of elastic waves in granite 
and other crystalline rocks; the presence or absence of a fault and the 
slope of the fault surface. 

Experiments were carried on in four localities. In the Los Angeles 
Basin stations were occupied along a line extending from a point about 
1 mile north of Wilmington to a point about 4 miles northeast of Artesia. 
The maximum thickness of post-Jurassic sediments is probably between 
7 and 14 kilometers. By reflection a number of layers were indicated in 
the records, down to a maximum depth of 31% kilometers, and in a few 
records to a somewhat greater depti. It is probable that better results 
could have been attained in wet soil during the rainy season and with a 
higher water table. In the refraction experiments the maximum distance 
utilized between explosion and recording points was 8 kilometers and 
the deepest layer detected was at about 2 kilometers. Interference from 
highways and buildings prevented use of a longer line of explosion points. 
Velocities ranged from about 1 km/sec. in alluvium to over 3.5 km/sec. 
in consolidated Tertiary sandstone at depths of about 1,700 meters. 

In the Ventura Basin, near Oxnard, the attempt was made to trace 
the surface of a basaltic formation dipping from the north base of the 
Santa Monica Mountains northward beneath the valley floor. Excellent 
reflections were secured from the basalt to a depth of 2.3 km. beyond 
which observations were not carried. 

At Yosemite Valley the experiments were facilitated by the construc- 
tion of a road tunnel through the cliffs on the south side in which charges 
of dynamite up to 500 pounds were detonated. Records were secured 
at Gentrys, which is approximately 2 km. to the north and across the 
valley, also at a point 1 mile east of the tunnel, and at a point imme- 
diately above the explosion. Reflections from the base of the granitic 
layer, indicating its thickness, had been considered a possibility, but no 
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definite reflected waves were recognizable in the records. Surface waves 
were greatly weakened at Gentrys, due to interposition of the valley. 

The velocity of the longitudinal waves in granodiorite was measured 
at Cascade Creek and at Tamarack Creek, north of Yosemite Valley, and 
found to be 5.25 + 0.1 km/sec. 

At Shepherd Creek, in Owens Valley, records were made with ex- 
plosion and recording points on the alluvial fan sloping eastward from 
the main Sierran fault. No reflections were secured from the fault sur- 
face nor from the granite floor of the fan. The fault is shown clearly 
in the refraction seismograms made with explosion and recording points 
on a line parallel and close to the fault. On a line at greater distance 
a deeper layer in the fan, possessing the velocity of alluvium, is shown 
by refraction but the fault is not evident in the record, suggesting that 
it dips too steeply to yield strong waves with the vertical component 
necessary for registration. 

Along the west side of the fanlt bounding the east base of the Alabama 
Hills, about 5 miles south of Lone Pine in Owens Valley, measurement 
of velocity in the Triassic metamorphosed shales and pyroclastics yielded 
3.1 km/sec., or considerably less than in the granodiorite at Yosemite 
Valley. 

East of the fault the thickness of the soft Quaternary clays was found 
by reflection to be about 110 meters along one line of explosion points 
parallel to and 46 meters from the fault and the same within limits of 
error along another line at a distance of 210 meters from the fault. 

Along the first line the 110-meter thickness was corroborated by the 
refraction method and the velocity in the erystalline rocks beneath the 
sediments, presumably of the same nature as those west of the fault, 
was found likewise to be 3.1 km/sec. Because no reflections were re- 
corded from the fault in any of the records it is inferred that the fault 
is steep. 

OBSERVATIONS ON THE STRATIFICATION OF BEACH DEPOSITS 
BY WARREN 0, THOMPSON 1 
(Abstract) 


Beach sands on the California coast are characteristically banded. 
The bands appear to be caused by wave action on beach materials of 
different texture and specific gravity. One or more such bands are de- 
veloped during a single tide. 

Cross-bedding is a common and distinctive feature of California 
beaches. Five different but related sites where this strueture is de- 
veloped are distinguished ; cross-hedding developed by: Changes in the 
earrying power of the waves on the seaward slope of the beach; trans- 
gressions of the landward slope of the beach by its seaward slope; shift- 
ing beach cusps; wave deposition on the seaward slope of a wave-cut 
terrace, and in depressions of the lower beach. 


The details of these types are described and discussed. 


1 Introduced by Eliot Blackwel Jer. 
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ANNUAL DINNER 


The annual dinner was held under the auspices of the LeConte 
Club, on Friday evening, at the Stanford Union. About 75 Fellows 
and guests were present at the dinner, which was followed by an 
address by J. E. Wolff, “Some Personal Reminiscences of Older 
Geologists in America and Elsewhere.” 
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Session oF TuESDAY, DECEMBER 27, 1932 
REPORT OF THE SECRETARY 


Section E held one session, Tuesday afternoon, in conjunction with the 
Geological Society of America. None of the other organizations related 
to this Section met in Atlantic City, the principal meetings of the Geolo- 
gical Society of America being held in Cambridge, Massachusetts, Decem- 
ber 28-30, but about thirty-five geologists and geographers attended the 
joint session in Atlantic City. Ten papers were listed on the program, 
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W. H. Hobbs, of the University of Michigan, Vice-President for the Sec- 
tion, presiding. The address of the retiring Vice-President, Douglas 
Johnson, of Columbia University, on “The Role of Analysis in Scientific 
Investigation,” was presented at the close of the afternoon session. 
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CONTINENTAL SHELVES AS DYNAMIC ZONES: A TOGGLING-SHELF OROGENY 
BY BERT RUSSELL 
(Abstract) 


Deep beneath surfaces that have long received calcareous deposits there may 
lie regions of thermal evolution of carbonic acid. Stylolites testify to extensive 
solution at intermediate levels without loss of structural competency. Thus, 
an off-shore trough or eylinder of virtual annihilation may be imagined as 
roofed by a consequently descending series of arches, each representing resi- 
dues of deposits of a like interval and each initially thickest, as well as richest 
in carbonates, near where it may be most convex, but destined there to suffer 
maximum diminution. These arches must tend to flatten and thereby to act as 
toggles, buckling upward the adjacent strata. 

This may continue until a limiting resistance is built up, as in elements of a 
coast range and/or off-shore islands. Thereafter, the arches, being held 
against flattening until they arrive opposite insufficiently competent strata of 
some older period, may yield hydraulically, to uplift blocks beneath the folded 
or other strata (or by injection or transformation into batholiths) and/or to 
produce basaltic outpourings until another limiting resistance is reached. 

The whole mechanism having been until now protected by some degree of 
competency in the deeper-lying strata, a rise of heat may finally so soften all 
deep parts that isostatic forces can uplift the whole region of deposit as an 
intervening range without a granitic axis, the process being repeated seaward. 

Offered as disclosing a new “perpetual motion” and as correlating the genesis 
of the recognized types of mountains with a gradual enlargement of continents 
and a deepening of oceans, the present admittedly speculative theory (relying 
wholly upon published data and familiar observations) attempts partially to 
displace, but more largely to complement inferences due to Hobbs, to Daly, 
to Willis, to Watson (and to DeLuray). 


STATISTICAL INVESTIGATIONS OF RECENT EVIDENCES OF SUBSIDENCE 
ALONG THE ATLANTIC COAST 


BY WILLIAM FITCH CHENEY, JR. 
(Abstract) 


Annual sealevel averages furnished by the United States Coast and Geodetic 
Survey and treated by the statistical method of Least Squares indicate the 
following rates of change in the relative levels of land and sea: 
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Direction Rates in Inches Correlation Years of 


City of Change per Century Coefficient Record 
Portiand, Me........ Regression fa=2o 49% 20 
Boston, Mass........ Transgression 11.6 + 5.0 49% 10 
New York, N. ¥...... Transgression 49+1.1 46% 39 
Atlantic City, N. J... Transgression 6.5 + 28 36% 18 
Philadelphia, Pa..... Transgression 3.6 + 2.0 23% 29 
Baltimore, Md....... Transgression 5.8 + 13 47% 29 
Charleston, S. C..... Regression 15.4 + 5.6 55% 10 
Fernandina, Fla..... Regression S37 = 23 22% 26 
Key West, Fla....... Stationary 0.0 + 1.8 None 19 


The reliability of these rates in designating trends is indicated by the fact 
that the majority of the correlation coefficients are over 45 per cent, that the 
majority of the probable errors are less than 45 per cent of their corresponding 
rates, that an aggregate of 200 years of hourly tidal gauge readings, or over 
a million and a half readings, is presumably an adequate basis for such sta- 
tistical computations, and that the rates are geographically intercorroborative, 
since there are only two stretches of coast between stations showing opposite 
trends, and these are probably the aftermaths of earthquake and deglaciation 
respectively. 

Since sealevel changes can scarcely account for simultaneous regressions and 
transgressions, landlevel changes are strongly suggested. They are the more 
plausible because they match in rapidity the landlevel changes which have con- 
tinued since the earth’s crust first solidified. These landlevel changes are thus 
likely to be parts of long cycles, the further study of which should be of practi- 
cal value to surveyors, structural engineers, and seismologists, as well as to 
archeologists and geologists. 


CHANGES IN LEVEL INDICATED BY MARGINAL TERRACES AND OTHER 
GLACIAL LAKE DEPOSITS IN CENTRAL MASSACHUSETTS 


BY THOMAS C. BROWN 


(Abstract) 


The Nashua River and Millers River, which with their tributaries drain 
the north central part of Massachusetts, rise near together on the Wachusett- 
Watatie highland. The Nashua flows eastward and northeastward to join 
the Merrimac; Millers River follows a winding course with a westward trend 
until it enters the Connecticut. Both valleys are transverse to the direction 
of general movement of the Wisconsin ice. During the waning of this ice, 
numerous bodies of water accumulated in narrow marginal lakes around lobes 
or detached masses of ice in many places. Some of these were comparatively 
small, but others attained lengths of 10 to 20 miles. The marginal terraces 
and other deposits in these lakes are well preserved and easily studied. 

If during late Pleistocene or Recent time the Atlantic coast was tilted or 
differently uplifted, it would seem that these terraces and sandplains should 
have been affected. Clinton Lake and Ayer Lake in the Nashua valley, and 
Orange Lake in Millers River valley, are extensive and well marked by water- 
sorted deposits. These deposits, however, although showing a slight slope from 
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north to south, or from northwest to southeast, do not indicate an amount of 
tilting comparable to that described along the coast of New England. The 
southward or southeastward slope amounts only to 1% to 2 feet per mile. 

All of these lakes were narrow marginal bodies of water, and they may 
have consisted of a series of such narrow bodies connected by short streams. 
The difference in elevation between deposits near the northern and the 
southern ends of any lake may be explained in part as due to the hydraulic 
gradient necessary to cause the water to flow through the narrow winding 
bodies of water or through the short connecting streams if the bodies were 
not actually continuous. Hence these lake terraces indicate little or no post- 
glacial uplift or tilting in this region. 


ON THE DETERMINATION OF MEAN SEALEVEL 
BY H. A. MARMER 
(Abstract) 


Quite apart from the regular rise and fall of the tide, sealevel varies from 
day to day, from month to month and from year to year. The variation is 
in part periodic and in part non-periodic, and within a single year two values 
of monthly sealevel may differ by a foot or more. Yearly values may show 
differences of a quarter of a foot or more. 

The determination of mean sealevel thus involves two questions: (a) how 
long a series of observations is required to give an accurate determination of 
mean sealevel? (b) how can sealevel derived from a short series of observa- 
tions be corrected to a mean value? 

Since nineteen years is taken as constituting a full cycle in tidal work, this 
period is taken for a primary determination of mean sealevel. Nine years 
of observations will give a sufficiently accurate value for most purposes. 
Secondary determinations may be derived from observations covering a period 
of a month or more, by correcting the sealevel from the short series of 
observations by comparison with simultaneous observations at some suitable 
station where a long series of observations is at hand. When thus corrected 
a month of observations will give mean sealevel correct within 0.1 foot; a 
year will give it within 0.05 foot ; while four years will give it within 0.02 foot. 

In connection with the study of changes in level along a coast the accurate 
determination of mean sea level becomes especially important. Unless re- 
duced to mean values, the determination of sealevel at different times leads 
to erroneous conclusions regarding the stability of the coast. 


RECENT CHANGES IN LEVEL ALONG THE ATLANTIC COAST 
BY CHARLES WENDELL TOWNSEND 


(Abstract) 


Conditions which give superficial appearance of recent subsidence may 
result from changes in the shore line and these must be distinguished from 
the data which truly indicate the recent subsidence of the coast. Studies of 
peat and stump layers near Ipswich and its general vicinity, coupled with 
measurements of the masonry floor of the dry dock at the Charlestown Navy 
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Yard, point to a subsidence of at least a foot in the last century. There is 
strong evidence of recent and continuous subsidence in the distribution of 
salt marshes and in the sections of marsh accumulations, 

A sand layer placed in the salt hay zone in a marsh at Ipswich in October, 
1927, was cut by a section five years later. The accumulation above the sand 
points to a building up of the marsh and possible subsidence at the rate of 


fifteen inches per century. 


UPPER DEVONIAN OF THE NEW YORK REGION 
BY GEORGE HALCOTT CHADWICK 
(Abstract) 


Complete revision of the upper Devonian correlations in the northern 
Appalachian area is made necessary by the research of the last few years 
and is of such wide significance that a partial summary for the * general 
scientific public is now in order. In brief, the old succession of Genesee, 
Portage, Chemung, Catskill, followed by Pocono, is completely overthrown. 
Each of these names is found to express a lithological facies, geographically 
arranged from west to east in a great delta deposit, partly submarine, partly 
subaerial, all accumulating contemporaneously through the entire upper De- 
vonian time interval. “Chemung” faunas go down into the Hamilton at the 
east; at the far west the stage is held by “Portage” faunas far up into the 
Bradfordian. “Catskill” fishes and plants are as lusty in the eastern Hamil- 
ton as on the brink of the western Mississippian. 

While it is too early to promulgate any new classifications, since the evi- 
dence at one point is not all in, it seems clear that even such group terms as 
Senecan and Chautauquan must be abandoned. A new criterion for the 
larger grouping must be found. The outstanding fact is that each lithic 
facies is much older at the east than at the west. The eastern or type Pocono 
has nothing whatever to do with the Mississippian strata and faunas called 
by that name, but is midway in the upper Dévonian, as may also be the 
typical Mauch Chunk. No name has been correctly applied at a distance from 
its origin, nor can a single former correlation be trusted. It is proving neces- 
sary to restrict each formational name (such as Catskill, Pocono, Chemung, 
Portage, Cattaraugus, Oswayo, Oneonta, Sherburne, Genesee, and Ithaca) to 
its original locality and to similar beds that can be proved strictly synchro- 
nous, while to noncoeval similar deposits new or revived local names must 


be given. 
PLEISTOCENE CHANGES OF SEALEVEL 
BY C. WYTHE COOKE 


(Abstract) 


The alternating accumulation and melting of the continental ice caps during 
the Pleistocene epoch caused repeated fluctuations of sealevel amounting to 
several hundred feet in amplitude. But the present altitude of the high- 
water marks or abandoned shore lines can not be attributed exclusively to 
glacial control, for they record the net lowering of sealevel due to all causes. 


The high-water marks now stand about 12, 25, 42, 70, 100, 170, 215, and 270 
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feet above the present sealevel except where they have been deformed by 
Pleistocene or Recent movements of the land. 

The discovery by Leverett of pebbles washed out of the Illinoian moraine 
in the deposits of the 100-foot stage (Wicomico formation) shows that the 
100-foot shore line can not be older than Sangamon interglacial time. From 
this one can arrive at a hypothetical correlation of shore lines with inter- 
glacial stages by assigning each successive higher shore line to an interglacial 
stage successively older than the Sangamon and each successive lower shore 
line to a successively younger interglacial stage. This disposes of every 
definitely recognized Pleistocene shore except the 12-foot, which is attributed 
to lowering of sealevel from some cause other than glacial control. The 

2-foot and the 25-foot shore lines are tentatively correlated with the first and 
second interglacial substages of the Wisconsin. 

A series of seven paleogeographic maps of South Carolina shows that the 
shore line at each stage of the sea differed markedly. from those that came 
before and after. The shore of the 70-foot stage, which is tentatively corre- 
lated with the Peorian, gives evidence of long-continued stability of the sea 
at that level. 


NEW JERSEY COAST—THE TWO FEET PER CENTURY SUBSIDENCE MYTH 
BY HENRY B. KUMMEL 
(Abstract) 


Inquiry is made concerning the origin of the statement, appearing without 
qualification in the older standard geologic textbooks, that the coast of New 
Jersey is subsiding at the rate of two feet per century. 

In 1857 Professor George H. Cook discussed the supposed evidence for 
coastal subsidence, and apparently was the first to suggest this rate; not as 
a demonstrated fact, but as based on observations by various persons, which 
were in surprising accord. He expressly stated, however, that it was not 
substantiated by so large a body of fact as to be beyond question. 

In 1885, after reviewing all the available data, Cook stated that subsidence 
is “at a rate which is not definitely established.” Nowhere, so far as the 
author can discover, after his 1857 paper did he reiterate his two feet per cen- 
tury suggestion, although holding firmly to the facts of subsidence. 

In view of Cook’s apparent rejection in 1885 of his 1857 view, it is a little 
surprising to find it given as an established fact in textbooks published as late 
as 1895 and 1897. Whether we accept or reject the theory of present or recent 
subsidence, no credence can be given to the two feet per century rate because 
of any facts heretofore established. 


NOTE ON THE THICKNESS AND STRUCTURE OF THE TRIASSIC SERIES 
IN PENNSYLVANIA 
BY DEAN G. MC LAUGHLIN 
(Abstract) 


Numerous beds of black shale interbedded with the red shale of the Bruns- 
wick formation were formerly regarded as thin lenses of small extent. The 
author has traced several of these for many miles along the strike. Above the 
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main body of the Lockatong, the following are recognized: (1) The “Upper 
Lockatong,” 500 feet of black argillite at the Delaware River, thinning to less 
than 100 feet at Souderton, Pa. (2) Five dark shale members in the lower 
Brunswick, thicknesses from 20 to 150 feet, separated by 100 to 400 feet of 
red shale, traced several miles (one more than 20 miles) along the strike in 
Pennsylvania and New Jersey. (3) The “Graters shales,” two or three 50- 
foot strata of dark shale, separated by similar thicknesses of red, traced from 
Grater’s Ford, Pa., around the end of the Chalfont fault, and northeastward 
to the hills east of Frenchtown, N. J., a distance of about forty miles. (4) 
The “Sanatoga shale,” 200 feet thick, exposed at Sanatoga, Schwenksville, and 
Lederachsville, Pa. 

Strict conformity is established by observations of all but two of the con- 
tacts of red and black shale. The tracing of such thin strata for many miles 
is regarded as conclusive proof that the Triassic rocks are not affected by 
extensive repetition by faulting, other than that already recognized as due 
to the Hopewell and Chalfont-Flemington faults, and that a thickness of the 
order of 20,000 feet is essentially correct. 
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Officers, Correspondents, Fellows, and members of the Paleontological 


SEssI0ON OF WEDNESDAY, DECEMBER 28 


The Society was called to order by President Bassler for its Twenty- 
fourth Annual Meeting at 2:10 p.m. The report of the Council was the 
first business in order. 


REPORT OF THE COUNCIL 


To the Paleontological Society, in Twenty-fourth Annual Meeting as- 
sembled: 

The business of the Society which was carried on during the past year 

is covered by the reports of the Secretary and the Treasurer and those of 

the various committees. The Secretary’s and the Treasurer’s reports are 


presented herewith. 
SECRETARY'S REPORT 


To the Council of the Paleontological Society: 
I have the honor to present the following report for the year ending 


December 27, 1932. 
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Meeting.—The Proceedings of the Twenty-third Annual Meeting of the 
Society, held at Tulsa, December 29 to 31, 1931, have been published in 
volume 43, number 1, pages 253-304, of the Bulletin of the Geological 
Society of America. 

The Council’s proposed nomination of officers for 1932 was mailed to 
the Fellows and members in March, 1932, with the announcement that the 
Twenty-fourth Annual Meeting would be held at Cambridge, Massachu- 
setts, under the auspices of the Boston Geological Society, Harvard Uni- 
versity, and Massachusetts Institute of Technology. 


SECRETARY'S REPORT 


Membership.—The Society lost one Correspondent, Ferdinand Canu; 
two Fellows, Truman H. Aldrich and W. J. Holland, and two members, 
Hugh Gibb and William Patten, by death during the year. ‘Twelve mem- 
hers resigned during the year. Twenty-two new members were elected at 
the last annual meeting, fourteen have just been elected, and fifteen more 
await election at this meeting. Three new Correspondents were elected 
at the last annual meeting. Hight of our members, F. M. Carpenter, G. 
Arthur Cooper, I. H. Cram, J. Brookes Knight, A. K. Miller. H. C. Stet- 
son, P. B. Stockdale, and F. M. Swartz, have just been elected to member- 
ship in the Geological Society of America. Two Fellows of the Geological 
Society of America who are not members of the Paleontological Society 
await election to our Society at this meeting. Our total membership at the 
beginning of the year was 414. If the nominees for membership still to be 
voted on are elected, our membership will be at the end of this year 431. 


Publications —The Proceedings and Presidential Address for 1931 and 
three articles, totaling 111 pages, have been published in the Bulletin of 
the Geological Society of America during the year, and have been dis- 
tributed to the Correspondents and members. 


Pacific Coast Section.—This section of the Society met at Palo Alto on 
April 9th, with a program of 12 papers. The Proceedings of this meeting 
are given on later pages. 


Respectfully submitted, 


B. F. Howett, 
Secretary. 


PRINCETON, New JERSEY, December 26, 1932. 


: 
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TREASURER’S REPORT 


NEw ITAvEN, CoNNEcCTICUT, December 27, 1932. 


To the Council of the Paleontological Socicty: 


I have the honor to submit the following report of the finances of the Society 


for the fiscal year ending with December 1932: 


CREDITS 
Cash on hand December 24, 1931: 
Connecticut Savings Bank................ 
Second National Bank... 
Membership dues collected in 1932......... 


DEBITS 

Secretary’s office: 
Allowance and administration expenses for 
Stationery (vouchers 21 (1931), 1, 2, 16, 17, 
21) 
Postage (vouchers 3, 13, 14, 22)........... 
Steel file for records (voucher 4).......... 
Slugs for addressograph (voucher 12)..... 


Treasurer’s office : 
Treasurer's allowance for 1951 (voucher 6) 
Postage (vouchers 7 and 8)............06. 


Publication : 
Reprints from Geological Society of America 
Bulletin 42 (voucher 5) 
Reprints from Geological Society of America 
Bulletin 48 (vouchers 19, 20)............ 


Miscellaneous : 

Refund of dues to memhers elected to fellow- 
ship in the Geological Society of America 

Pacific Coast Branch (vouchers 15, 18).... 

Returned check (Broadway Bank failure) 

Discount on Toronto check (April 2)....... 

Discount on Toronto check (June 20)...... 


$1,857.35 
109,07 
92.18 
54615 


$132.88 
76.25 
56.03 


25.69 
2.32 


$25.00 
11.00 


$54.69 
56.55 


Balance in authorized depositories December 31, 1932: 


Connecticut Savings Bank................ 


Members in arrears for 1931-1932, 17. 
Members in arrears for 1932, 40. 


Respectfully submitted, 


$1,949.53 
173.34 


$2,604.75 
$293.17 
36.00 
111.24 
41.37 

481.88 

2,122.87 

$2,604.75 


Cart C. DuNBAR, 
Treasurer. 


$36.00 

1.54 

3.00 

3 

46 

United States tax on checks............00% 14 
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The President appointed Ralph W. Chaney and Frederick B. Loomis 
an Auditing Committee. 


ELECTION OF OFFICERS AND MEMBERS 
The Secretary announced the election of officers for 1933 and of new 
members. 
OFFICERS FOR 1933 
President: 
E. M. KINDLE, Ottawa, Ontario 
First Vice-President: 
E. B. Branson, Columbia, Missouri 
Second Vice-President: 
J. B. Reesipe, Washington, D. C. 
Third Vice-President: 
M. A. Hanna, Houston, Texas 
Secretary: 
B. F. Howe t, Princeton, New Jersey 
Treasurer: 
C. O. DunBAr, New Haven, Connecticut 
Editor: 
WALTER GRANGER, New York, New York 


NEW MEMBERS FOR 1933 


JOHN CLARK, Department of Geology, Princeton University, Princeton, New 
Jersey. 

CHALMER LEwis Coorer, Walker Museum, University of Chicago, Chicago, 
Illinois 

STEVEN KNOWLTON Fox, Jr., Department of Geology, Princeton University, 
Princeton, New Jersey. 

Donap LESLIE FRIzZELL, Stanford University, California. 

MELVILLE WESTON FULLER, 234 Natural History Building, University of Illinois, 
Urbana, Illinois. 

Harotp LorENZ Gets, 234 Natural History Building, University of Tlinois, 
Urbana, Illinois. 

RosperT MISSEN KLEINPELL, 427 Webster Street, Palo Alto, California. 

Lots T. Martin, 770 Santa Ynez Avenue, Stanford University, California. 

Rew Pum MeEAcHAM, University of Kentucky, Lexington, Kentucky. 

Rosert LEROY MILLER, 123 East Market Street, Bethlehem, Pennsylvania. 

FRANKLIN Car Porter, 5742 Drexel Avenue, Chicago, Illinois. 

EpwWArD THEODORE SCHENK, Stanford University, California. 
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Haro.tp WILLIAM Scort, Department of Geology, University of Chicago, Chicago, 


Illinois. 
Harry EvGENE WHEELER, Stanford University, California. 


The following fifteen additional nominations to membership, which 
had been received by the Secretary too late for inclusion in the printed 
ballot, having been approved by the Council, were submitted to the Society 


for action: 


Mary ELizasetH CooLEy, Department of Geology, Mount Holyoke College, 
South Hadley, Massachusetts. 

JOHN ARCHER CULBERTSON, Department of Geology, University of TDlinois, 
Urbana, Illinois. 

Roy GraHaM, Department of Geology, University of Chicago, Chicago, Ilinois. 

Puivie H. JENNINGS, Department of Geology, Columbia University, New York, 
New York. 

Epwarp I. Leirn, Peabody Museum, New Haven, Connecticut. 

WILLIAM Nosie Lockwoop, Department of Geology, Princeton University, 
Princeton, New Jersey. 

M. Losir, Peabody Museum, New Haven, Connecticut. 

B. MAXWELL MILLerR, Department of Geology, Columbia University, New York, 
New York. 

ARTHUR M. MorGan, Department of Geology, Columbia University, New York, 
New York. 

NorMAN ID. NEWELL, Peabody Museum, New Haven, Connecticut. 

CHARLES ROLLIN LORAINE OpER, Department of Geology, University of Tlinois, 
Urbana, Illinois. 

C.F. Srewart SuHarre, Department of Geology, Columbia University, New York, 
New York. 

Hforace D. Tuomas, Department of Geology, University of Wyoming, Laramie, 
Wyoming. 

Rosert MASSIE WHITESIDE, 15 West 10th Street, Tulsa, Oklahoma. 

JAMES STeEwartr WILLIAMS, 2145 C Street N. W., Washington, D. C. 


It was moved and carried that the By-Laws be suspended and the Sec- 
retary instructed to cast the vote of the Society for the election of these 
fifteen nominees to membership. 


ELECTION OF FELLOWS AND CORRESPONDENTS 


The Secretary presented the names of the following two Fellows of the 
Geological Society of America, who had expressed to the Council their 
desire to become Fellows of the Paleontological Society, and were recom- 
mended by the Council. Both were elected by unanimous vote. 


Frioyp Hopson A. H. Surron 


The Secretary presented the names of the following eight members of 
the Society, who, having just been elected Fellows of the Geological 
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Society of America, were now eligible for election to Fellowship in the 
Paleontological Society, and were recommended by the Council for elec- 
tion. All were elected by unanimous vote. 


F. M. CARPENTER A. Kk. MILLER 

G. ARTHUR CooPEer H. C. Stetson 
I. H. Cram P. B. STOCKDALE 
J. Brookes KNIGHT F. M. Swartz 


The Council then presented the names of three distinguished foreign 
paleontologists, Mrs. Rudolf Richter, Roman Wozlowski, and D, S. M. 
Watson, who were recommended by the Council for election as Corre- 
spondents. They were unanimously elected. 


MEMORIALS 


Memorials of Ferdinand Canu, who died February 12, 1932; Hugh 
Gibb, who died February 28, 1932; Oliver Perry Hay, who died November 
2, 1930; William J. Holland, who died December 13, 1932; Handel T. 
Martin, who died January 15, 1931; William Patten, who died October 
23, 1932, and Nellie May Tegland, who died December, 1930, were read. 


REPORT OF THE SERVICE COMMITTEE 


The Service Committee, B. F. Howell, Chairman, reported that numer- 
ous members had called for assistance in securing positions. The committee 
has been increasingly impressed with the need for an organization com- 
petent to give advice on present and probable future demands for paleon- 
tologists in general and for specialists in the various fields of research of 
the science. The committee recommended that the President appoint a 
Survey Committee to gather and disseminate information concerning the 
present and prospective needs in the various fields of paleontology. 

The committee also reported results on the questions of (1) suitable 
gold and silver paints for use in marking type specimens, (2) improved 
methods and materials for use in the preparation of photographic illus- 
trations of fossils, and (3) the feasibility of the formation of a union of 
the paleontological societies of the world. 
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NEW BUSINESS 


The Secretary moved the adoption of the amendment to the Constitu- 
tion, notice of the consideration of which at this meeting had been sent to 
all Fellows and members in March. It was voted to amend the Constitu- 
tion accordingly, so that Article IV, Section I, would read as follows: 
The officers of the Society are a President, three Vice-Presidents, a Sec- 
retary, a Treasurer, and Editor, the three ex-Presidents of the three 
preceding years, and a Councilor for each of the regional sections, These 
officers constitute an Executive Committee to be called the Council. 


PRESENTATION OF PAPERS 


The Society then proceeded to the reading of the following papers: 


TITLES AND ABSTRACTS OF PAPERS 
OBOLOID BRACHIOPODS IN THE BELT SERIES OF MONTANA 
BY CARROLL LANE FENTON AND MILDRED ADAMS FENTON 


(Abstract) 


Near the junction of Big and Little Birch creeks, west of White Sulphur 
Springs, Montana, a small part of the Newland Limestone is exposed. Near its 
top, this limestone has afforded specimens of brachiopods whose external char- 
acters are those of Lingulella (Lingulepis) of the family Obolide, Internal 
characters, however, are unknown. All specimens are pedicle valves, one of 
which is 28 mm, long and 17.5 mm. wide. Another, incomplete, has a restored 
length of 388 mm. and a width of 21 mm. The valves lie on bedding planes, 
where they are oriented in essentially uniform directions. A formal description 


will be published. 


Discussed by E. 0. Ulrich, E. M. Kindle, and the President. 


PRELIMINARY GENERALIZED CAMBRIAN TIME SCALE 
BY CHARLES ELMER RESSER 


(Abstract) 


No totally new Cambrian faunas have been found in the last few years in 
spite of extensive collecting, and therefore, it seems that a tentative general time 
scale might be attempted. However, since less than 50 per cent of the fossils 
in hand have been studied, this scale must be regarded as altogether prelim- 
inary. 

A survey of the world indicates that the most complete Cambrian series are 
located in North America, where, consequently, the units for a general scale 
must be chosen. Furthermore, since the Atlantic Province Cambrian is so 
very different and so completely separated from that in the rest of the world, 


a secondary or supplementary scale is made for it. 
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The diagrammatic scale is accompanied by brief descriptions of some units 
and certain possible generalizations are stated. 


Discussed by E. O. Ulrich. 


OLENELLUS ZONE AND ITS FAUNAS IN THE APPALACHIANS 
BY C. E. RESSER AND B. F. HOWELL 
(Abstract) 


The term, “Olenellus Zone” has commonly been used since 1890 to refer to 
the Lower Cambrian, as a whole; but it can no longer be employed in that 
sense, because Olenellus thompsoni, its zone fossil, is now known to be confined 
to but one of the seven or more zones recognizable in the Lower Cambrian. First 
described from Vermont 90 years ago, Olenellus (s.1.) has since heen found to 
occur in the Appalachians from western Newfoundland to northwestern Georgia, 
as Well as in the Cordilleran region and northern Scotland. The term, “Olenellus 
Zone,” should be used only for the zone in which this fauna occurs. At its type 
locality, the famous Parker’s Quarry, in northwestern Vermont, this fauna is 
found in the Parker’s Shale; in central Pennsylvania it is in the Kinzers Forma- 
tion. These formations are about in the middle of the Lower Cambrian. 

Wherever Olenellus thompsoni is found in eastern North America, it is ac- 
companied by a characteristic assemblage of other fossils—brachiopods, gastro- 
pods, and trilobites—with algze, coelenterates, worms, echinoderms, and lepto- 
stracans associated in some places. At Parker’s Quarry, at Bonne Bay, New- 
foundland, and near Lancaster, Pennsylvania, some of the trilobites of this 
fauna are found remarkably well preserved, and many entire specimens have 
been collected. 

UPPER CAMBRIAN FORAMINIFERA 
BY B. F. HOWELL AND J. R. SANDIDGE 
(Abstract) 


Upper Cambrian foraminifera were first described in 1900 by Frederick 
Chapman, who found them in the Dolgelly Beds of the Malvern Hills, in 
England. His description of these fossils, published in the Quarterly Journal 
of the Geological Society of London and in his book entitled, “The Foraminifera”, 
is still the only satisfactory account of undoubted Cambrian foraminifera that 
has appeared in print. Through the kindness of Professor W. J. Sollas, of 
Oxford University, the senior author was able to examine such of Chapman’s 
specimens as are known to be preserved at Oxford (they are all in a single 
microscopic thin section), and to secure a photograph of them. These interest- 
ing fossils seem not to have Leen reexamined by any student of the foraminifera 
in recent years. It has, therefore, seemed desirable to study them in the 
light of our recently greatly increased knowledge of the group. A compari- 
son of these late Cambrian fossils with recently described Ordovician and 
Silurian species indicates that the Cambrian species may be primitive. They 
correspond generally in shape and form to the Ordovician and Silurian repre- 
sentatives of the order, but probably have shells of different composition. It 
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has recently been shown by Moreman and by Dunn that arenaceous forami- 
nifera lived in the Ordovician and Silurian seas. It is highly probable, 
therefore, that the more primitive Cambrian foraminifera had shells of chitinons 
material. This suggestion is supported by the delicacy of the tests in the species 
figured by Chapman. That they were arenaceous is not indicated by any avail- 
able evidence, and the likelihood of their having been silicious is precluded by 
the fact that the fossils are calcareous. This calcium carbonate is accounted 
for as a mineral replacement of the original chitinous shell, such as occurs in 
the fossilization of many trilobite remains. That the earliest foraminifera 
had chitinous tests is generally recognized on theoretical grounds; and the 
prevalence of chitinous tests among Cambrian representatives of the order, 
postulated on the evidence furnished by Chapman, is, therefore, suggested as a 
possibility. Chapman’s fossils were presumably found in a thin lens or con- 
cretion of limestone that had come from the upper Dolgelly Beds, for they are 
preserved in limestone. It is probable that a careful search in other Cambrian 
limestones will be rewarded by the discovery of other well-preserved forami- 
nifera, which should throw important light on the early history of the 
group. Students of the Cambrian are urged to search for such fossils. 


UNUSUAL BRINE FROM THE POTSDAM OF CENTRAL NEW YORK 
BY DAVID W. TRAINER, JR. 


(Abstract) 


Connate waters from sediments as old as the Cambrian on the North American 
or European continents are not known to the author. For this reason, the 
brine from the Potsdam sandstone, at a depth of 4,425 feet, in a well recently 
drilled near the village of Camillius, Onondaga County, New York, is unusual. 
Preliminary investigations of the chemical nature of the brine indicate that 
besides the elements sodium, calcium, and magnesium, which would be expected 
in any brine, the elements lithium, barium and strontium are also present. 


Read by title. 


MIDDLE ORDOVICIAN ANNELID JAWS FROM MINNESOTA 
BY CLINTON R. STAUFFER 
(Abstract) 


The study of microscopic forms found in the Decorah shale? has been ex- 
tended to include the whole Middle Ordovician of Minnesota. In addition to 
ostracodes, conodonts, and fragmentary plates of unassigned origin, the con- 
centrates include numerous black carbonaceous(?) jaws belonging to Ara- 
bellites, Eunicites, Oenonites and other genera of the annelids not described by 
Doctor Hinde. These annelid jaws begin in the Glenwood beds and occur 
throughout the Middle Ordovician, with their greatest abundance in the lower 
part of the Decorah shale. It appears that some of them are satisfactory 
horizon markers. 


1 Journal Paleontology, vol. iv, 1930, pp. 121-128. 


— 


TITLES AND ABSTRACTS OF PAPERS 193 


ORDOVICIAN TRENTON GROUP IN NEW YORK: STRATIGRAPHY OF THE LOWER 
AND UPPER LIMESTONE FORMATIONS 


BY G. MARSHALL KAY 
(Abstract) 


The Watertown limestone persists as the top of the Black River group in 
northwestern New York. The overlying Trenton Rockland limestone has 
Triplecia cuspidata (Hall) in abundance at the top. The formation’s thickness 
increases by overlap from about ten feet near Boonville, Oneida County, to 
fifty-five feet near Dexter, Jefferson County. 

The uppermost Trenton limestones near Boonville, of latest Lower Cobourg 
age, contain Dinorthis iphigenia (Billings) with an abundance of Rafinesquina 
deltoidea (Conrad). West of Martinsburg, the Dinorthis zone is succeeded by 
about fifteen feet of Upper Cobourg limestone. At Copenhagen this has in- 
creased to fifty-five feet, and Cyclospira bisulcata (Emmons) is abundant at 
forty feet. The Cyclospira zone is thirty feet from the top of the limestones 
near Rodman, Jefferson County. 

The contact with the succeeding Utica shale is exposed only in Jefferson 
County, where it is a disconformity. About seventy feet of black shale lie on 
the Upper Cobourg at Copenhagen, and the thickness increases to about three 
hundred feet near Boonville. The shale is all of Upper Utica (Collingwood- 
Gloucester) age, and the thinning to an undetermined extent seems due to 
convergence. The Upper Cobourg limestone, seventy feet thick in the north- 
west, thins to the southeast. by offlap, disappearing in Lewis County. 


Discussed by Rudolf Ruedemann. 


ARENACEOUS FORAMINIFERA FROM THE LOWER PALEOZOIC OF OKLAHOMA 


BY W. L. MOREMAN 
(Abstract) 

One new genus and ten new species of arenaceous foraminifera have been 

discovered in samples of Viola, Chimney Hill, Haragan and Woodford forma- 

tions of the Arbuckle Mountain region. Nine species belong to primitive 

families, while one species representing a new genus, Kerionammina, belongs to 

the family Neusinid#, which has formerly been described only from recent 

material. A discussion of the geologic range of arenaceous foraminifera is 
included. 


Discussed by E. O. Ulrich and B. F. Howell. 
EVALUATION OF INTERNAL CHARACTERS IN THE CLASSIFICATION OF THE 
BRACHIOPODA 
BY G. ARTHUR COOPER 
(Abstract) 


In seeking criteria for the classification of orthoid brachiopods a pretty 
constant value for certain internal structures became clear. Of family rank in 
classification are the conservative structures of the dorsal valve such as the 
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eardinal process, crural plates, loops and spires, and the ventral pallial marks. 
Of generic value are the shape and ornamentation of ihe shell, the arrangement 
of the ventral muscle-scars and the nature of the dental plates. On this basis 
external characters become of great importance in the erection of genera. 
Evidence supporting this thesis is to be found in the arrangement of the dorsal 
eardinalia of the orthids, strophomenids, pentamerids, Spirifers and recent 
terebratuloids. 


CLINTON OF WESTERN NEW YORK 
BY JOHN T. SANFORD 
(Abstract) 


The Clinton is limited to the formations lying below the Irondequoit lime- 
stone and above the Medina sandstone. The Thorold is considered to be a 
transition phase, composed of Medina sediments reworked by Clinton seas. 
The changing seas in which the Clinton was deposited are contrasted with the 
beach conditions represented by the Medina, and the more extensive seas in 
which the Irondequoit limestone and the overlying formations were deposited. 

The term Neahga shale is proposed for the lower Clinton green shale of the 
Niagara Gorge. The former Bear Creek of the Genesee Gorge is designated 
as the Brewer Dock member of the Reynales, as the formation at Bear Creek 
is younger. 

The purple shales at Rochester and Sodus are considered to be of Sodus age. 
The Reynales limestone while perhaps a lithologic unit is not a time unit. 


At 5:30 o’clock the session adjourned. 


SEssIon OF THurspAY, DECEMBER 30 
JOINT SESSION WITH THE GEOLOGICAL SOCIETY 


The Society met again at 10:15 on Thursday, when it went into joint 
session with the Geological Society of America to hear the presidential 
address of the Retiring President, R. 8. Bassler, entitled “Development of 
Invertebrate Paleontology in America,” and a paper by Rudolf Ruede- 
mann, “Paleozoic planktonic faunas.” 


BUSINESS SESSION 


At 11:15 the Society met in regular session. It approved the following 
recommendations of the Council : 


That the reply made by the Society of Economic Paleontologists and 
Mineralogists to the Paleontological Society’s invitation to discuss the 
possibility of cooperation by the two societies in support of the Journal 
of Paleontology be accepted for further study, and that the President of 
the Paleontological Society be instructed to negotiate with the officers of 
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the Society of Economic Paleontologists and Mineralogists to the end that 
a committee, composed of an equal number of representatives from each 
Society, may be appointed to formulate a detailed plan satisfactory to both 
societies. 

That the Secretary be instructed to invite the other paleontological 
societies of the world to name delegates to discuss, at the time of the 
meetings of the Sixteenth International Geological Congress, with dele- 
gates from the Paleontological Society the feasibility of the formation of 
an international paleontological union; and that the President be in- 
structed to name two delegates from the Society to represent the Society 
in this discussion. 

That the Society instruct the President to appoint a committee to in- 
vestigate the possibility of cooperative action among North American 
paleontologists in the preparation of group restorations of the life of the 
Past which can be installed in the museums of this continent, and, if the 
plan appears to be feasible, to proceed with the preparation of such 
restorations in cooperation with such museums as may be interested in 
securing them for their own exhibition purposes. 


PRESENTATION OF PAPERS 
TITLES AND ABSTRACTS OF PAPERS 


The reading of papers was resumed at 11:30, with President Bassler in 
the chair. 
SILURIAN STROMATOPOROIDS OF GASPE, QUEBEC 
BY W. A. PARKS 
(.1bstract) 


The author examined a large collection of stromatoporoids made by Charles 
Schuchert, S. Northrop, F. J. Aleock, and others. Of Actinostroma there are 
three new species ; of Clathrodictyon, four old and three new species; of Rosen- 
ella, Lophiostroma, and Dictyostroma, one new species each; of Stromatopora, 
two old and five new species ; of Syringostroma, one new species; and of Stroma- 
toporella, six new species. The assemblage is unique and contains species 
strikingly different from known forms; some of these are of doubtful generic 
reference and tend to break down the distinction between milleporoid and 
hydractinoid types. The paper is now in press. (University of Toronto Studies, 
Geological Series.) 


Discussed by A. F. Foerste and the President. 
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SCOLECODONTS FROM THE SILURIAN EDGEWOOD FORMATION + 
BY PAUL H. DUNN 
(Abstract) 


The Edgewood limestone (Alexandrian) of northern Illinois has been found 
to contain an abundant scolecodont fauna. Inasmuch as the limestone is ar- 
gillaceous and essentially devoid of megascopic fossils, this newly discovered 
microfauna should prove a valuable aid in its accurate correlation. The 
fauna comprises approximately ten genera, represented by about thirty species, 
most of which are new. Comparisons are made between the Silurian scoleco- 
donts and those from both younger and older strata. 


Read by title. 


SILURIAN AND DEVONIAN STRATA OF THE LITTLETON QUADRANGLE, NEW 
HAMPSHIRE 


BY MARLAND BILLINGS AND ARTHUR B. CLEAVES 
(Abstract) 


Middle Silurian and probable Lower Devonian fossils near Littleton, New 
Hampshire, have been known since 1870 and 1913, respectively. Despite the 
fact that these few fossiliferous horizons are the key to the geologic history of 
most of the state of New Hampshire, the stratigraphy and structure has never 
been satisfactorily solved. The senior author has already spent two field sea- 
sons in the Littleton region and has completed the mapping of the Littleton 
quadrangle and the northern third of the Moosilauke quadrangle. A restudy 
of the paleontology of the area was an essential part of the project and was 
undertaken by the junior author. 

John M. Clarke concluded from material sent to him by F. H. Lahee that 
the Littleton formation is Devonian, probably lower Devonian, although he 
“hesitated to identify any single species”. The fossils collected by the present 
writers come from two localities, both of which are at about the same horizon. 
Most of the forms are distorted and the character of the enclosing sandstone 
tends to obscure the details. Nevertheless, fifteen species, mostly brachiopods, 
have been identified and demonstrate a lower Devonian age. The fauna is 
similar to that found in the Moose River sandstone, Somerset County, Maine, 
although it contains a few species known from the Chapman sandstone in 
Aroostook County, Maine. 

Ten forms have been identified in the material from the Fitch formation and 
we confirm Schuchert’s opinion that this formation is of middle Silurian age. 

Undoubtedly there is a barren zone nearly 3,000 feet thick between the mid- 
dle Silurian and the lower Devonian fossiliferous horizons. Some of these 
unfossiliferous strata may be upper Silurian. 


Discussed by Bradford Willard. 


1'This paper was made possible, in part, through a National Research Council Grant-in- 


Aid. 
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DISCOVERY OF A FOSSILIFEROUS LOWER DEVONIAN CHANNEL DEPOSIT AT 
BEARTOOTH BUTTE, WYOMING 


BY ERLING DORF 
(Abstract) 


A cross-section of a lower Devonian river channel is exposed in the cliff 
faces of Beartooth Butte, Wyoming. The impure limestones filling this channel 
rest, with erosional unconformity, on the Ordovician Bighorn dolomite, and 
are themselves overlain with a similar unconformity by the middle Devonian 
Jefferson limestone. This channel deposit, the only known lower Devonian 
in the Beartooth-Bighorn region, is of particular interest because of its extensive 
and beautifully preserved primitive fish fauna found there, with which delicate 
and little-known plants are found in direct association. The fish fauna, consist- 
ing mainly of new types of ostracoderms, arthrodires, and selachians, is being 
studied by W. L. Bryant, Director of the Park Museum, Providence. The 
plants, which belong to the rare group, T’silophytales, are being studied by 
the writer. 


Discussed by E. M. Kindle, C. C. Branson, and G, A. Cooper. 


HAMILTON GROUP OF RASTERN PENNSYLVANIA 
BY BRADFORD WILLARD AND ARTHUR B, CLEAVES 
(Abstract) 


The Hanilton group of Pennsylvania is described from the New Jersey line 
to the Susquehanna Valley and an attempt is made to correlate its members 
with those of New York, the Moscow, Ludlowville, Skaneateles and Marcellus. 
Lack of diversity among the faunas and peculiarities of lithology tend to prevent 
exact correlations with the lesser New York subdivisions. It is believed, 
however, that the major members of the New York Hamilton are approximately 
established in eastern Pennsylvania, especially in the more western sections 
studied. 

TRAVERSE-HAMILTON OSTRACODE CORRELATIONS 


BY ALDRED S. WARTHIN, JR. 
(Abstract) 


Ostracode faunules have been collected from the Traverse beds of Michigan, 
the Hamilton of Ontario, Ohio and western New York State. Variation of 
faunal facies with lithologic facies makes correlations unusually difficult. 
Samples of similar lithology selected from large stratigraphic sections furnish 
the best basis for correlation. On the basis of such samples the top of the 
Traverse beds at Alpena, Michigan, is correlated with beds about forty feet 
below the top of the Wanakah shale at Eighteen Mile Creek, New York. 


The Session adjourned for luncheon at 12:15 o’clock, and met again at 
2:05 o’clock to continue with the reading of papers, President Bassler 


presiding. 
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TITLES AND ABSTRACTS OF PAPERS 


CARBONIFEROUS TRACKS FROM NOVA SCOTIA 


BY C. M. STERNBERG 
(Abstract) 


A restudy of the type of Hylopus logani shows that the complete number of 
toes on the manus was five, as given by Sir William Dawson, instead of four 
as reported by G. F. Matthew in a later study. A slab in the collections of the 
Geological Survey containing tracks of H. hardingi shows that this species is 
closely related to Gilmore’s H. hermitanus from Arizona. 

A careful study of the type and paratype of Pseudobradypus (Sauropus) 
unguifer again shows that Dawson’s original description was fully justified 
and that Matthew, in his restudy of the species, assigned characters for which 
there is no justification. Matthew referred to the paratype as the type. He 
regards the sole of the manus as the heel of the pes and toe drags as long sloth- 
like claws. 

A slab from Cumberland County, Nova Scotia, shows a trackway of 12 tracks 
and a well defined tail or body drag. These represent a new species which is 
referred to Matthew’s genus Asperipes. The toes of this new species are very 
long and the name longidigitatus is proposed for its reception. Two other slabs 
from the same locality carry tracks which are referred to Lull’s genus Laoporus 
from the Coconino sandstone of the Grand Canyon. They are much larger and 
the toes are longer. 

Two series of two tracks each represent an undescribed genus and species. 
These are small, graceful, trifid tracks with long, very narrow toes and the 
name Ornithoidipus pergracilis is proposed for their reception. 


SKULL OF THE EXTRAORDINARY PATAGONIAN EOCENE UNGULATE, 
TRIGONOSTYLOPS 


BY G. G. SIMPSON 
(Abstract) 


Trigonostylops has hitherto been known only from the teeth. The skull, now 
discovered, is one of the most remarkable ever found. Most of its characters are 
unusual, and some are unique among mammals: for instance, the multiple 
infraorbital foramen, palatal process, bony partition between the choanae, or 
peculiar non-inflated bulla. The animal does not belong to the typical South 
American group Notoungulata. It is extraordinarily isolated, but it may have 


distant affinity with the astrapotheres. 


Read by title. 
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DISCOVERY OF AN UPPER EOCENE MAMMALIAN FAUNA IN SOUTHERN 
SASKATCHEWAN} 


BY LORIS S, RUSSELL AND R. T. D. WICKENDEN 


(Abstract) 


Mammalian remains have been obtained near Swift Current, Saskatchewan. 
The fossiliferous beds form the upper part of a conglomerate and sandstone 
series, which rests unconformably on the Cretaceous. Preliminary identifica- 
tion of the specimens indicates that the fauna is of Late Eocene age, correspond- 
ing to the Uinta or Diplacodon stage of Utah. The age of the Swift Current 
beds and their relationships to other Tertiary gravels of Saskatchewan throw 
new light on the sequence of events in the Cenozoic history of the province. 


CARNIVORA OF THE SESPE UPPER EOCENE, SIMI VALLEY REGION, 
CALIFORNIA 


BY CHESTER STOCK 
(Abstract) 


In marked contrast to the carnivore group known from the Las Posas Hills 
is this assemblage from the lower portion of the Sespe, north of the Simi 
Valley, Ventura County, California. The Hyaenodontidae are represented by 
two distinct types of the genus Hyaenodon differing in size and by a more 
primitive member of the family apparently related to Pterodon. The Miacidae 
are known by a single form exhibiting considerable variation in size and re- 
sembling closely in dental characters the Uinta genus Pleurocyon. 


CARNIVORA OF THE SESPE OLIGOCENE, LAS POSAS HILLS, CALIFORNIA 
BY CHESTER STOCK 
(Abstract) 
The carnivores in the Oligocene fauna from the Kew Quarry of the Las Posas 


Hills, Ventura County, California, include three new species of the Canidae 
and two of the Felidae. Relationships are noted particularly with types oc- 


curring in the John Day. 


SKELETONS OF THREE OREODONTS 
BY FREDERICK B. LOOMIS 
(Abstract) 


The genus Mesoreodon is typified by MW. chelonyx Scott, from the Deep River. 
In this case we have a skeleton of J/. megalodon, which shows the intermediate 
position of the genus between Hporcodon and Promerychocoerus, and the long- 
legged character of the genus. 

The second skeleton, that of Promerycochoerus gregoryi Loomis, is from the 
Lower Rosebud formation and is one of the earliest representatives of the genus. 


1 Published with the permission of the Director, Geological Survey of Canada, Depart- 
ment of Mines, Ottawa. 
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It has many of the characters of Mesoreodon, especially the long legs and 
slender build, while later species have very short legs and a heavy build. 

The third skeleton is that of a Verychyus curtus Loomis, showing characters 
relating the genus to Leptauchenia, but with more advanced feet and less spe- 
cialized teeth. 


NOTES ON THE TERTIARY GEOLOGY OF WESTERN NEBRASKA, WESTERN 
SOUTH DAKOTA, EASTERN WYOMING, AND RELATED AREAS 


BY HAROLD J, COOK 
(Abstract) 


The history of the Tertiary deposits is briefly discussed, with special reference 
to the origin and distribution of sediments, a discussion of the effects of certain 
anticlinal folding with relation to sedimentation, and the times of its occur- 
rence, particularly in the Black Hills region. : . 


Read by title. 


RICHMOND MASTODON 
BY J. T. SANFORD 
(Abstract) 


The Richmond mastodon was found near the village of Cromwell, Indiana, 
in a clay rich in organic material and overlying fluvio-glacial deposits. Indian 
dart-points were recovered from the same horizon and but a few feet from the 
skeleton. Charcoal was frequently found during the course of excavation. 
The character of the deposit, depth of burial, and occurrence of stumps in 
place on the fluvio-glacial material suggest that the creature lived in com- 
paratively recent times. The bones were scattered but many of the smaller 
ones were articulated. The skeleton is incomplete. It is suggested that the 
creature may have been driven to the pond by beasts or men and killed there. 
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STRATIGRAPHY OF THE HAMILTON GROUP OF TASTERN NEW YORK 
BY G. ARTHUR COOPER 
(Abstract) 


Eastward from Unadilla Valley the Hamilton Group of the Middle Devonian 
thickens gradually to Schoharie Valley. Concordant with this thickening is a 
constant increase in sandstones and east of Schoharie Valley red beds appear 
Jow in the group. The Marcellus formation of the lower Hamilton passes 
laterally from a black shale facies in Chenango Valley to a shaly sandstone 
facies in Schoharie Valley. Along with this lateral lithological shift the Hamil- 
ton fauna replaces that of the Marcellus. East of Schoharie Valley all of the 
fossiliferous Hamilton appears to be of Marcellus age, the Skaneateles, Ludlow- 
ville, and Moscow formations, in this order above the Marcellus, having become 
continually sandier and having passed into continental and red and green beds 
just east of Schoharie Valley. The Portland Point member of the basal 


] 


TITLES AND ABSTRACTS OF PAPERS 901 


Moscow was successfully traced into Schoharie Valley where it lies under the 
well known tree beds of Gilboa, which thus become upper Hamilton (Moscow) 
in age. From Gilboa in Schoharie Valley the Portland Point was traced into 
the midst of the red beds at Potter Hollow, near Durham, Greene County, show- 
ing a considerable thickness of these red beds, formerly regarded as upper 
Devonian, to be Hamilton in age. From the present studies it appears that 
none of the rock in Schoharie Valley regarded as of Ithaca age by Prosser is 
actually of this age, but must be assigned in part to the Hamilton and in part 
to the Tully-Sherburne interval. It was discovered that the Ithaca fauna 
occupies the Sherburne formation east of Susquehanna Valley and replaced the 
Tully fauna east of the same place. 


Discussed by C. O. Dunbar, Bradford Willard, E. M. Windle, C. Kx. 
Swartz, and Rudolf Ruedemann. 

UPPER DEVONIAN ROCKS AT ITHACA, NEW YORK 
BY KENNETH E, CASTER 
(Abstract) 

Established as the type section of the Ithaca formation through the work of 
Vanuxem, Hall and Williams, the classification of the rock sequence in the 
vicinity of Ithaca must be revised if it is to be usable as a reference section and 
best serve the needs of present day workers in stratigraphy. On the basis of 
lithology and fossil faunas the following revamping of the Classification and 
segregation of new members of the Senecan series outcropping in the vicinity 
of Ithaca, New York, are proposed (names marked with an asterisk are new) : 


SEQUENCE AND CLASSIFICATION OF THE ROCKS OF SENECAN AGE ON THE 
MERIDIAN OF CAYUGA LAKE 


Chautauquan Series 
High Point member-Nunda-Type Portage (1) 
Senecan Series 
Ithaca-Enfield group of formations * 
(Ithaca-Enfield facies group) + 
(Enfield facies sub-group) 
Van Etten member 200 ft. (2) 
Grimes ? sandstone member 100+ ft. 
Hatch sandstone member 500 ft. (3 


Notes and characterizations: 

* Temporary group name for all the “Portage” formations above the Genesee group. 

+ We are retaining the old nomenclature, Enfield, Ithaca, Sherbourne, Genesee for the 
rocks on the Ithaca meridian, as useful “facies group” terms, They are not formational. 

(1) Presumable correlation. Having the approximate boundaries of the Dalmanella 
danbyi zone. 

(2) Presumably of West Hill age: includes the 1st Tropidoleptus zone at its base and 
grades into the “transition beds” of the Chenango valley. 

(3) Extending from the top of the 2nd Reticularia levis zone; contains the Leiorhynchus 
globuliforme zone in its upper part ; grades into so-called lower Chemung to the East. 
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(Ithaca facies sub-group) 
Triphammer shale member 140 ft. (4) 
(Incl. Beebe limestone 1-3 ft.) (5) 
Marathon sandstone member 35 ft. (6) 
Williams Brook coquinite member 15-25 ft. (7) 
Cascadilla shale member 150 ft. (8) 
Genesee group of formations 
Middlesex shale formation 
Six Mile shale member 50-80 ft. (9) 
Renwick shale member 8-20 ft. (10) 
(Sherburne facies group) 
West River and Standish formations (11) 
(Genesee facies group) 
Genundewa limestone 
Genesee black shale formation 
(Tully limestone facies) 
Tully limestone formation 
Erian Series 


STRATIGRAPHIC RELATIONSHIPS IN NORTHWESTERN PENNSYLVANIA 
BY KENNETH E. CASTER 
(Abstract) 


The relationships of the so-called Devono-Carboniferous strata in north- 
western Pennsylvania can be presented with some certainty as the result of 
detailed sectioning and faunal studies. These relationships as understood at 
present for the area from eastern McKean County, Pa., to eastern Ohio, from 
Olean, New York, to Johnsonburg and Oil City, Pennsylvania, may be sum- 
marized as follows: 


Berea-Corry sandstone (“Third mountain sand,” Pit hole grit) 
Bradfordian series 
Knapp formation (Revised Cussewago group) 
Hayfield shale member 
(Includes Littles Corner limestone *) 

Glade sandstone (‘“Sub-Olean”’-Knapp conglomerate) 

Ridgway shale member * 

Ludlow conglomerate member * (“Lower Knapp conglomerate” ) 


* New names. 

(4,6) These two probably constituting the Oneonta of the East. 

(5) This may prove to be coeval with the Parrish limestone at the base of the Rhine- 
street shale to the West. 

(7) Characterized by the Spirifer mesistrialis fauna. 

(8) Paracyclas lirata fauna in middle of this member. 

(9) Probably of upper Middlesex age. 

(10) Middlesex according to Fralich: erroneously correlated with the Rhinestreet in 
the past. 

(11) Clastic phase of the thalassic upper Genesee beds of the West. 
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Smethport shale member * (part of “Riceville,” Knapp shale) 
(Includes Marvin creek limestone, Syringothyris zone) (in upper 
Chagrin) 
Venango group (delimited “Conewango” group) 
Riceville formation 
Oswayo shale member (facies) (lower “Riceville,” upper Chagrin) 
(Includes Wild Cat coquinite *) (“Marvin creek Is” of some reports) 
Cattaraugus formation 
Woodcock sandstone member (Venango 1st oil, ? Tuna conglomerate) 
Saegerstown shale member 
Millers sandstone member (Venango 2nd oil “B’’) 
North Warren shale member * (in the midst of the Salamanca) 
Watson sandstone member * (Venango 2nd “A’”’) 
Amity shale 
Panama conglomerate member (LeBoeuf, Venango 38rd oil, Wolf Creek ) 
Chautauquan series 
Chemung group (Chadakoin formation) 


The Springothyris zone is the lower Smethport member (lower upper Rice- 
ville) is highly significant and an unfailing guide throughout most of the area. 
The base of the Mississippian is drawn at the top of the Oswayo member, thus 
the “Bradfordian series” is a misleading term. The correlation of Venango oil 
sands and surface outcrops is in the main a substantiation of early survey 


conclusions. 


Discussed by R. C. Moore and G. A. Cooper. 


EARLY OSAGE, MISSISSIPPIAN, BEDS OF THE OZARK REGION 
BY RAYMOND C. MOORE 
(Abstract) 


The Osage group, of early mid-Mississippian age, consists predominantly of 
coarsely crystalline, crinoidal, chert-bearing limestones that lie unconformably 
on early Mississippian (Kinderhook) or pre-Mississippian rocks. The basal 
Osage (pre-Burlington) beds on the east flank of the Ozark uplift are included 
in the Fern Glen formation; on the north flank, in the Sedalia limestone; and 
on the west and south flanks, in the Saint Joe and Reeds Spring members of 
the Boone formation. The Grand Falls chert of the Joplin district appears to 
be of Reeds Spring instead of Keokuk age. Study of the type Fern Glen sec- 
tion near Saint Louis and adjacent exposures shows the presence of strati- 
graphic units corresponding to the Sedalia and Reeds Spring limestones. The 
Saint Joe limestone is equivalent to the lower non-cherty portion of the Fern 
Glen. The overlying Reeds Springs limestone, distinguished by its Fern Glen 
fauna and prominent dark chert bands, is widespread around the Ozarks, 


*New names. 
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although it has previously been differentiated only in southwestern Missouri. 
The Reeds Spring beds do not appear at the outcrop between Sedalia and 
Burlington formations on the north flank of the Ozarks but are widely found 
in wells of northern Missouri. A disconformity above the Reeds Spring lime- 
stone and a marked difference in faunal characters serve to separate beds of 
Fern Glen age from the succeeding Burlington limestone. 


PENNSYLVANIA MOLLUSCA FROM MICHIGAN 
BY WILLIAM A. KELLY 
(Abstract) 


Mollusea form an unimportant group in the Pennsylvania fauna in Michigan. 
The number of individuals is far less than one would expect from the number 
of genera and species. Several occurrences of described species, hitherto un- 
recorded from Michigan, as well as a new species of Gastrioceras, are described. 
All forms come from a horizon correlated with the Upper Pottsville. 


FORAMINIFERA FROM THE MESOZOICS OF MONTANA 
BY JOHN R. SANDIDGE 
(Abstract) 


During the summer of 1932, as part of the research program of the Princeton 
Geological Expedition to Montana, under the direction of Professor W. T. Thom, 
a stratigraphic section was measured in an unmapped area of the Big Horn 
Basin immediately west of the Pryor Mountains. This section starts at the 
base of the Chugwater, Triassic, and extends across the Sundance, Jurassic; 
the Morrison, Lower Cretaceous (7%): the Colorado Group, and to the base of 
the Eagle sandstone in the Montana Group, of Upper Cretaceous age. 

Foraminifera have been found in the Jurassic associated with Gryphea 
calceola var. Nebrascensis and Belemnites densus. The fauna at present con- 
sists of about a dozen species of caleareous forms, belonging to the family 
Logenidae, which correspond to foraminifera described by Terquem from the 
lower Oolite or Bajocian of France. 

In the upper members of the Colorado Group and in the lower part of the 
Montana Group several zones have been found which yield abundant forami- 
nifera. Preliminary studies indicate that the fauna is largely arnaceous, rep- 
resenting a near-shore facies. The possibility of establishing a correlation with 
the Alberta shale of Canada and perhaps with the Cretaceous of the Gulf 
Coastal Plain is suggested. 


Discussed by R. T. D. Wickenden and the President. 
The Session adjourned for the day at 5:10 o’clock. 


Session OF Fripay, DECEMBER 30 


BUSINESS SESSION 


The Society reconvened at 10:10 on Friday morning, with President 
Bassler in the chair. The first order of business was the report of the 
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Auditing Committee. The committee reported that it had found the 
Treasurer’s accounts correct. The Report of the Council was thereupon 
approved. 

PRESENTATION OF PAPERS 


The presentation of papers was then resumed. 
TITLES AND ABSTRACTS OF PAPERS 


PENNSYLVANIAN AND PERMIAN FACIES FAUNAS 
BY RAYMOND C. MOORE 
(Abstract) 


The marine Pennsylvanian and Permian deposits of the mid-Continent region 
include several types of limestones, shales, and sandstones. <A definite cyclical 
rhythm of certain of these types characterizes parts of the section, but the 
cyclical succession is more complete and clearly defined in some parts of the 
region than in others. Faunal assemblages differ in the different types of beds 
and appear to express a habitat relationship to sedimentary facies. This paper 
considers the factors involved in the stratigraphic and geographic occurrence 
of these faunas, including especially the frequent recurrence of certain faunas. 


Discussed by B. F. Howell. 


RANGE AND DISTRIBUTION OF THE GENUS LEPIDOCYCLINA GUMBEL 
BY WILLARD BERRY 
(Abstract) 


The following subgenera are proposed: Helicolepidina Tobler, Polylepidina 
Vaughn, Pliolepidina H. Douvillé, Lepidocyclina ss Giimbel, Nephrolepidina H. 
Douvillé, Trybliolepidinw Van der Vierk, and Eulepidina H. Douvillé. The 
range of the genus and its divisions are shown graphically by charts. The 
genus ranging from lower Eocene to about the close of the Miocene. The 
geographic distribution is by provinces, of which five are proposed and shown 
by maps. 

STRATIGRAPHY OF THE MARINE EOCENE OF SOUTHWESTERN OREGON 
BY F. E, TURNER 
(Abstract) 

An examination of the Eocene sedimentary sequences of southwestern Oregon 
indicates the necessity of describing at least one new formation. It consists of 
approximately 1,500 feet of black shales and blue-gray sandstone exposed along 
the middle fork of the Coquille River, from two to three miles below the 


mouth of Sandy Creek, and lies unconformably below beds correlated with the 
Umpqua formation in the vicinity of Glide. 
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Extensive paleontologic collections suggest that both the Tyee and Umpqua 
formations are exposed along the Coquille River overlying the new formation; 
that the Tyee is represented at the top of the Umpqua type section along the 
North Umpqua River; and that the so-called Tyee of the Willamette Valley 
is higher stratigraphically than the Tyee at Tyee Mountain, and is to be corre- 
lated with the restricted Arago at Cape Arago. 

Briefly then the Oregon Eocene relationships would be: 


Willamette Cape Tyee Umpqua Coquille 
Valley Arago Mountain River River 
“Tyee” Arago 
(Arago) Tyee Tyee Tyee 

—?—? — —? —? — —? —? — 
Umpqua Umpqua Umpqua 
1,500 ft. 
sh. & ss. 


Read by title. 


SEDIMENTS OF THE CONTINENTAL SHELF OFF THE NORTHEASTERN 
UNITED STATES 


BY H. C. STETSON 
(Abstract) 


This paper is a preliminary description of the work on transportation and 
distribution of marine sediments begun at the Woods Hole Oceanographic 
Institution. Only the major facts observed are here presented. 

Traverses have been run from the shore to the edge of the continent at the 
following places with stations every mile: Marthas Vineyard, Block Island, 
and Ocean City, Maryland, with three shorter traverses, one off Atlantic City, 
New Jersey, and two off the outer side of Cape Cod. 

Mechanical analysis yields the following results: 

1. There is a tendency towards progressive decrease of grade size from shore 
to the break slope although subject to violent fluctuations. 

2. Degree of sorting bears no relationship to present depth of water. 

8. Silt and clay first appear in small quantities in 150-180 feet of water and 
gradually increase in amount, though they are, in most cases, the smallest 
part of the sample. 

4. The topographic grade is probably not a profile of equilibrium for present 
sea-level, particularly in its middle and outer parts. 

5. The sediments on outer parts of the shelf are mixtures of material ac- 
cumulated under two different environments. Deposition resulting from pres- 
ent sea level has not obliterated traces of shallower conditions. 

6. There is a tendency towards a coarsening of grade sizes at the break in 


slope in some cases. 
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7. An area of sand, equalling the St. Peter sandstone in degree of rounding 
and frosting, is present 35-40 miles off Martha’s Vineyard, suggesting an an- 
cient beach with sand dunes. 


Read by title. 


NEW TURTLES FROM THE BELLY RIVER FORMATION OF ALBERTA 


BY W. A. PARKS 
(Abstract) 


A reexamination of the Belly River turtles in the Royal Ontario Museum 
shows that variations from known forms occur in nearly every case. Specimens 
ascribed to Baéna antiqua, Boremys pulchra, and Aspideretes subquadratus 
differ from the type. Three species are described as new—.Aspideretes planus, 
Aspideretes rugosus, and Baéna fluviatilis. 


SCOLECODONTS 
BY CAREY CRONEIS AND HAROLD W. SCOTT 
(Abstract) 


Recent investigations have shown that annelid worm jaws instead of being 
rare as fossils, are actually common paleontologie objects. Because of their 
probable importance in future micropaleontologic investigations, we are, for 
convenience, here proposing for these fossils the designation Scolecodonts (Gr. 
skoler, worm + odous, tooth). 

The present paper includes (1) a brief description of the morphology of the 
modern parts which are most readily preservable, (2) a synopsis of the previous 
paleontologic work on scolecodonts, (8) a brief description of the material upon 
which the present study is based, (4) a standardized nomenclature for the 
description of jaw parts, (5) a skeletal outline of a scolecodont classification, 
(6) a study of the chemical composition of the jaws, (7) a discussion of the 
applicability of a dental formula for ease of identification, and (8) brief 
statements concerning the morphologic significance and stratigraphic impor- 
tance of these fossil worm parts. 


Discussed by E. O. Ulrich, B. F. Howell, W. A. Parks, the President, 
and R. C. Moore. 
SCOLECODONTS AND CONODONTS FROM FISSURE FILLINGS IN THE NIAGARAN 
OF ILLINOIS 
BY CAREY CRONEIS AND HAROLD W. SCOTT 
(Abstract) 


A meager fauna was described in 1899 by Weller and Eastman from a fissure 
in the Niagaran at the Elmhurst, Illinois, quarry. The shaly fissure filling was, 
on the basis of the paleontologic evidence, considered as Devonian in age. 
Examination of material from additional fissures in the now greatly enlarged 
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quarry reveals an extraordinarily rich scolecodont and conodont fauna whose 
age will probably prove to be early Mississippian. 

The present paper comprises (1) a brief description of the previous work on 
the fissure fillings, (2) a general description of the shale, its origin and its 
significance. (3) a general description of approximately 20 new genera and 
60 new species of scolecodonts and conodonts, (4) a discussion concerning the 
significance of this unusual faunal associationship, (5) a study of the chemical 
composition of the fossils, and (6) a statement of the paleogeographie implica- 
tions of the new information. 


Discussed by the President, Paul H. Dunn, and R. C. Moore. 


SCOLECODONTS FROM THE DECORAH FORMATION OF MISSOURI 
BY CAREY CRONEIS AND HAROLD W. SCOTT 


(Abstract) 


Scolecodonts (annelid jaws) were discovered during the summer of 1932 in 
the Decorah formation of Ste. Genevieve County, Missouri. Investigation shows 
that although occasional traces of these fossils may be found wherever the 
formation crops out, they are especially numerous only in restricted areas, such 
as in a rich shaly deposit about 444 miles west of the town of St. Genevieve 
NEY NW, Sec. 35, T.38 N., R.9 

G. J. Hinde. in 1879. described a few annelid remains from Cincinnatian beds 
near Toronto, and some additional species have been recorded from late Ordo- 
vician sediments. No previous record of scolecodonts from mid-Ordovician 
beds has. however, come to our attention. The Decorah specimens, therefore. 
apparently are the oldest thus far observed. 

The Decorah jaws are exceptionally large, some ranging up to 2.4 mn. in 
length. They are perfectly preserved, and do not seem to be injured even 
when removed from limestone with acid. 

Preliminary investigation reveals at least seven genera, each represented 
by from two to six species. Most of these jaws seem to belong to previously 
known genera, but almost all of the species are new. 

It seems likely that further study of these remains will yield important 
morphological and stratigraphical data. 


Discussed by Mrs. Edson, E. 0. Ulrich, and Miss Kellett. 


SCOLECODONTS FROM THE UPPER RICHMOND OF ILLINOIS 
BY FRANKLIN C. POTTER?* 
(Abstract) 
The uppermost member of the Richmond series at Channahon and near 
Lorenzo, Illinois, is a calcareous shale which contains an annelid fauna 
notable for the abundance of individual specimens. Along certain partings 


the remains are so numerous that they lend a distinctly mottled appearance 
to the rock. Although jaws are common, by far the greater part of these 


1Introduced by Carey Croneis. 
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remains comprises objects about .Smm. in length apparently representing cirri 
or other annelid appendages. 

Preliminary study indicates that the fauna is distinctly dwarfed, the average 
length of the jaws not exceeding .4mm. More than one hundred distinct 
forms have thus far been discovered of which well over half prove to be new. 
This profusion of individuals and wealth of species is in considerable contrast 
to the general concept of Richmond annelids based chiefly on the work of Hinde 
and others about fifty years ago. : 


Discussion by Miss Kellett, and David Delo. 
GALENA AND PLATTEVILLE FAUNAS IN NORTHWESTERN ILLINOIS 
BY HAROLD W. SCOTT 
(Abstract) 


This paper is based on an investigation to determine the megascopic faunal 
differences of the Galena and Platteville formations with a view toward 
obtaining new data regarding the correlation of the Kimmswick formation. 

A comparison of the faunas of the Kimmswick and Galena formations shows 
that 65 species are common to both; 89 occur in the lower division (Clitam- 
bonites bed), 15 of which do not continue into the overlying bed; 49 occur 
in the middle division (Fusispira bed), 25 of which do not occur in the Clitam- 
bonites division, whereas only five of the total number are found in the Maclurea 
bed. 

This evidence indicates that the Kimmswick extends as high as the top of 
the Fusispira bed. It is also suggested that the McCune zone of northeastern 
Missouri is the time equivalent of the Maclurea bed. 


Read by title. 
FORAMINIFERAL CORRELATION OF THE OSGOOD FORMATION 1 
BY PAUL H, DUNN 
(Abstract) 


The scarceness of megascopic fossils throughout the major part of the 
Silurian strata of the Mississippi Basin has made the correlation of these beds 
a difficult problem. The use of the microfauna in the solution of this problem 
has long been overlooked. 

Arenaceous foraminifera have recently proven to ke very valuable in the 
correlation of the older Paleozoic rocks, especially those of Silurian age. This 
can be demonstrated in the correlation of the Osgood Formation (Lower 
Niagaran) in Tennessee, Missouri, Kentucky, Indiana and Illinois. 

Sections from Nashville, Tennessee, Ste. Genevieve County, Missouri, Madi- 
son, Indiana, and Joliet, Illinois. are described and compared. The presence 
of the Osgood in northern Illinois and southeastern Missouri is demonstrated 


for the first time. 


Discussed by the President and B. F. Howell. 


1This paper was made possible, in part, through a National Research Council Grant- 
in-Aid. 
XIV—BvULL. GroL. Soc. AM., VoL. 44, 1935 
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REVISION OF LIGONODINA ULRICH AND BASSLER, 1926, AND PRIONIODUS 
PANDER, 1856 


BY CHALMER L. COOPER 
(Abstract) 


Conodonts collected from Devonian-Mississippian black shales of the Mis- 
sissippi Valley yield evidence necessitating revision of the genus Ligonodina 
and the redefining of some species now described as Prioniodus and Euprionio- 
dina. A new genus, Plagiodina, has been erected on previously undescribed 
species from Ohio and Kentucky. This genus will include species described 
under Ligonodina, and those species formerly placed with Prioniodus and 
Euprioniodina which possess denticulated downward projections at right 
angles to the plane of the bar and cusp, the characteristics of the new genus. 

Prioniodus was described by Ulrich and Bassler as typically pick-shaped, 
the terminal cusp large and both edges sharp; the basal extension strong and 
often as long as the cusp; numerous denticles closely arranged and more or 
less fused. Ligonodina was defined as essentially the same as Prioniodus, but 
“distinguished by development of a series of sucker-like impressions on one 
side of the downward extension of the main cusp.” 

The forms described as Ligonodina, however, do not have these “sucker-like 
impressions”, but rather these “impressions” are bases of denticles broken 
from the downward projection. Furthermore, perfect specimens of some 
species of Ligonodina, viewed from the opposite side, have all the characters 
of the genus Prioniodus. This is true of L. pectinata U & B, the reverse of 
which is indistinguishable from P. erpolitis Hibbard, 1927, and of L. falci- 
formis U & B, the reverse of which is similar to P. sublimis Hibbard. 

The above information is based on specimens found in eight localities, in 
five states and in both Devonian and Mississippian black shales. 


Discussed by the President. 


MULTIPLE GLACIATION IN THE SAWATCH RANGE, COLORADO 
BY WILLIAM E. POWERS 
(Abstract) 


The theory that the Sawatch Range underwent at least three glaciations is 
strongly supported by the morainal and outwash deposits in the vicinity of 
Mount Princeton. The freshest terminal moraine in Chalk Creek valley and 
its associated outwash terrace are believed to be Wisconsin in age. The Wis- 
consin moraine is built on and against the edge of a higher and much more 
extensive gravel plain associated with subdued morainal deposits considerably 
more weathered than the Wisconsin. A glaciation still earlier than the second 
one is attested by high mesa-like terrace remnants of much-decayed gravel 
associated with higher remnants of moraine. 


Discussed by Charles Behre, Jr. 
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NEW MISSISSIPPIAN STARFISH 
BY CAREY CRONEIS AND FRANKLIN C. POTTER 
(Abstract) 


Three fairly well preserved starfish from the St. Louis limestone near Water- 
loo, Illinois, were collected by Stuart Weller in 1912. The specimens, however, 
came to Professor Schuchert’s hand too late to be described in his Revision of 
the Paleozoic Stelleroidea, but he recognized them as novel and significant 
types, as is definitely indicated by his brief comments on the labels as returned 
to Walker Museum. 

Detailed study of these starfish specimens indicate that they include three 
new species and at least two new genera. In the present paper these forms are 
described and illustrated, their relationships are considered, and their sig- 
nificance is pointed out. 


Discussed by the President and B. F. Howell. 


CONODONTS FROM THE UPPER AND MIDDLE ARKANSAS NOVACULITE AT 
CADDO GAP, ARKANSAS 
BY CHALMER L. COOPER 


(Abstract) 


The Arkansas novaculite exposure in the new State Highway cut at Caddo 
Gap, Montgomery County, west-central Arkansas, is one of the thickest and 
most complete sections of the formation. 

The novaculite at this locality is about 900 feet thick, and is typical of the 
formation in the Ouachita Mountains. It is divisible into three lithologie units 
—a lower division consisting almost entirely of massive thick-bedded novacu- 
lite; a middle division of interbedded dark-colored dense novaculite and shale ; 
and an upper division made up mostly of massive calcareous novaculite. 

A faunal chart shows that the conodont fauna of the Arkansas novaculite, 
the Woodford formation of Oklahoma, the Hardin sandstone of Tennessee, and 
the Chattanooga shale of Alabama, as well as smaller collections of conodonts 
from the Ohio and Sunbury shales, are remarkably similar. Of the 45 species 
found in the novaculite, 27 are found in the Woodford, 13 in the Hardin, and 
17 in the Chattanooga. The most characteristic forms are the well-known 
Hindcodella subtilis, Polygnathus pennatulus, and Synprioniodina alternata, 
but seven of the species are new. 

The evidence furnished by the conodonts indicates that the upper and middle 
divisions of the Arkansas novaculite are Mississippian; but Ulrich, on the 
basis of a collection of fossils from novaculite beds near Ti, Oklahoma, holds 
that the lower division is of Onondagan age. The formation, therefore, com- 
prises both Devonian and Mississippian beds and consequently it should be re- 
defined. This redefinition, which is not within the scope of this paper, must be 
deferred until additional field evidence is at hand. 

The name Caddo Gap, however, is suggested for the Mississippian portion 
of the formation when the necessary detailed mapping has been accomplished. 


Read by title. 
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STUDIES IN NORTH AMERICAN MISSISSIPPIAN CORALS—PART I 
BY BRANDON GROVE 
(Abstract) 


This paper presents the initial results of a study which will eventually be 
extended to include all the North American cup-corals of Mississippian age. 
Corals formerly assigned to the genera Zaphrentis and Amplerus were ex- 
amined by means of serial thin sections in order to determine their true 
generic characteristics and taxonomic position; a Classification is proposed 
in which the assignment of generic position is based upon the internal structure 
and ontogenetic development of the form studied. 

The literature of the subject, insofar as it bears upon the present problem, 
is briefly summarized, and there is a discussion of a number of pertinent 
features of morphology and phylogony. 


Read by title. 


ALGAL BIOHERMS IN THE BELT SERIES OF MONTANA 
BY CARROLL LANE FENTON AND MILDRED ADAMS FENTON 
(Abstract) 


Above the heavy beds (biostromes) formed by the supposed alga, Collenia, in 
the Siveh formation of Glacier National Park, there are small reefs or bioherms 
of similar origin. Two of these are exposed on the Trans-mountain Highway, 
1.4 miles above (eastward from) the lowermost switchback, in the McDonald 
valley. The larger bioherm is thirty-three feet wide; the smaller, twenty-one. 
3oth show central lenticular masses of conical Collenia, somewhat diagenized 
basally; off-reef beds inclined at ten to thirty degrees, and upper zones in 
which organisms are not closely massed, Strata beneath the bioherms are 
compressed and bent downward at angles of five to thirty degrees. Evidently 
they were soft for a considerable time after the “reef” began growing, and 
were compacted and depressed by its weight. 

These bioherms, closely resembling others of Silurian and Devonian age, 
support the conclusion that Collenia is a fossil, not a concretion as some have 
supposed. Uniformity of structure in cores and superficial zones of the bioherms, 
as well as in extensive biostromes, also points to organic origin, and indicates 
that the species chiefly responsible for both bioherms and biostromes in the 
Siyeh is distinct from non-conical forms of Collenia occurring in the same 
formation. 


The Session adjourned for luncheon at 12:50 o’clock. 
PRESENTATION OF PAPERS 


The Society reconvened at 2:05 o’clock, with President Bassler in the 
Chair, and the reading of papers was resumed, 
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LOWER DEVONIAN FLORA FROM BEARTOOTH BUTTE, WYOMING 
BY ERLING DORF 
(Abstract) 


This small flora, represented by beautifully preserved impressions of spiny 
branches and clustered fructifications, is the first trace of any terrestrial plants 
thus far recorded from rocks of Lower Devonian age in the Rocky Mountain 
area. The collection includes at least one new genus and three new species, 
belonging to the primitive order Psilophytales, whose remains are exceedingly 
rare on the North American continent. Comparable forms have heretofore been 
described from Lower Devonian localities in eastern Canada, Scotland, Norway, 
Germany, and Australia. This flora occurs in a river-channel deposit in direct 
association with abundant remains of primitive armored fishes. 


MEGALOPTERIS AND THE GIANT WINGED CARDIOCARPS 
BY DAVID WHITE 
(Abstract) 


Megalopteris Dawson, a fernlike plant with large, sympodially forking, 
blade-shaped leaves, and apparently exclusively North American, is essentially 
confined to the upper Pottsville, where it is characteristic of the Conoquenessing 
stage. The writer classed it as Pteridospermic on account of points of similarity 
to Neuropteris in foliar development. 

Review of American occurrences of the genus shows the accompanying 
presence at nearly every Megalopteris locality of very large winged seeds— 
giant Cardiocarpons, such as Cardiocarpon Baileyi Dn., C. Newberryi And., C. 
samareaforme Newb., C. dilatum Lx., and C. Girtyi D. W. So nearly universal 
are one or more forms of these seeds found in the most intimate association 
with Megalopteris leaves, and only in such association, that either the frond 
or the fruit, as the case may be, is to be looked for with confidence wherever 
the other is present, for, though not yet discovered actually in union, the 
considerable volume of the cumulative evidence now in hand points to these 
gigantic winged fruits as seeds of Megalopteris. The largest of these seeds is 
about 3 inches broad. 


Read by title. 
TERTIARY FLORA FROM EAST-CENTRAL AFRICA 
BY RALPH W. CHANEY 
(Abstract) 


The Bugishu sandstone has been deposited in sedimentary basins some fifty 
miles north of Lake Victoria. It underlies and grades up into the Mt. Elgon 
volcanic series. <A fossil flora has recently been collected from these formations 
by Dr. E. J. Wayland of the Geological Survey of Uganda, and sent to the 
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writer for study. Of the 12 species now recognized all have closely related 
living equivalents in the forests of tropical Africa. The modern aspect of these 
plants, and their occurrence just below the Mt. Elgon volcanics, suggests the 
reference of the Bugishu sandstone to the middle or the later Tertiary. 


Read by title. 


ALTERNATING LAYERS OF LAVA AND GLACIAL TILL IN THE RIM ROCKS 
SURROUNDING CRATER LAKE 


BY WALLACE W, ATWOOD, JR. 
(Abstract) 


The discovery of glacial till, buried beneath lava and volcanic breccia, points 
to a remarkable sequence of events in the physiographic history of Crater Lake. 
As early as 1902, Joseph Diller discovered evidences of recent glaciation on the 
slopes surrounding Crater Lake, but the record of repeated advances of the ice 
during the growth of Mont Mazama remained unknown for many years. 

At Discovery Point, buried beneath 20 to 30 feet of lava, is a layer of material 
containing many well polished boulders mixed with finer debris. This layer 
rests upon a lava surface which has been beautifully polished and striated by a 
rock-shod glacier. Farther down the slope and to the east is another such 
boulder layer, underlain and overlain by lava. Besides these deposits of glacial 
material found interbedded with the lavas at this locality and a score of other 
places around the lake, there is evidence of ice action at the very brink of the 
Crater rim. Those who go to Discovery Point will find, if they venture close 
to the edge of the rim, that they are standing on polished lava. While on this 
striated surface they may peer over the edge and see a boulder layer 30 feet 
below. The alternation of glacial debris with volcanic material tells an inter- 
esting story of mountain-building and emphasizes the time factor in earth 
history. 

At two localities inside the rim which encircles Crater Lake, charred plant 
remains have been found buried beneath voleanic pumice and lavas. These 
charred vegetal remains, like the interbedded till deposits, help in the inter- 
pretation of the physiographic history of Crater Lake. 


CORRELATION OF THE PRE-ILLINOIAN DRIFTS OF ILLINOIS 
BY PAUL MAC CLINTOCK 


(Abstract) 


Detailed pebble analysis from the scattered exposures of Pre-Illinoian drift in 
southern Illinois show that Nebraskan ice from the Keewatin center invaded 
the western part, while Kansan ice from the Labradorean center covered the 
central and eastern parts of the state. The two drift-sheets lie in contact near 


Winchester, Scott County. 
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VOTE OF THANKS TO THE LOCAL COMMITTEE 
It was voted that the Society express to the Local Committee its appre- 
ciation of all that the committee had done to assist in making the meeting 
such a pleasant one. 
The meeting adjourned at 3:15 p. m. 
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MINUTES OF THE MEETING OF THE PACIFIC COAST 
BRANCH OF THE PALEONTOLOGICAL SOCIETY 


The regular annual meeting of the Pacific Coast Branch of the Paleon- 
tological Society was held at Stanford University, California, Saturday, 
April 9, 1932, in affiliation with the Cordilleran Section of the Geological 
Society of America and the Le Conte Geological Club. President Hubert 
G, Schenck presided. The minutes prepared by the Secretary, G. Dallas 
Hanna, are given herewith: 


ELECTION OF OFFICERS 
The following officers of the Section were elected for the year: 


President: 
F. M. Anperson, Berkeley, California. 


Secretary: 


S. W. Mutter, Stanford University. 


PRESENTATION OF PAPERS 


The Branch tonvened at 9:30 a.m. The following papers were 
presented during the morning session : 


TITLES AND ABSTRACTS OF PAPERS 


ZONAL DISTRIBUTION AND FOREIGN AFFINITIES OF TURRITELLAS OC- 
CURRING IN CRETACEOUS, TERTIARY, AND QUATERNARY DEPOSITS 
ON THE PACIFIC COAST OF NORTH AMERICA 


BY CHARLES W. MERRIAM 
(Abstract) 


Various species of Turritella have been recognized in California as 
valuable horizon indicators. Studies of shell morphology have revealed 
characters and sequences of ontogenetic developmental changes aiding in 
recognition of species from often fragmentary material. The _ strati- 
graphic range of some “species” has been found to be greater than had 
formerly been supposed ; but considering the “flourishing periods” of cer- 
tain forms it is possible to establish biologic range-zones, though these 
may overlap at their upper and lower limits. Occurrence of closely re- 
lated species in eastern and Gulf Coastal deposits of the United States 
and particularly in South America is of significance in correlation. Some 
analogous types occur in Europe, but in most cases these are probably 
homoeomorphs or represent parallel lines of development from primi- 
tive common stocks. 
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STRATIGRAPHIC SIGNIFICANCE OF FORAMINIFERA FROM THE TYPE 
SAN LORENZO FORMATION, CALIFORNIA 


BY HENRY D. HOBSON 
(Abstract) 


Well preserved foraminifera occur in the upper one-third of the San 
Lorenzo formation, Santa Cruz county, California, above beds carrying 
typical San Lorenzo mollusks and below strata mapped by the United 
States Geological Survey as Vaqueros (lower Miocene). The foramini- 
feral assemblage, as a whole, has a more Miocenie than Eocenic aspect. 
Comparisons with other faunules leads to the conclusion that the upper 
one-third of the type San Lorenzo formation is younger than Tejon 
(restricted) Eocene, and older than at least a portion of the Vaqueros, 
and probably younger than lower Oligocene. 


STRATIGRAPHIC AND FAUNAL RELATIONS OF THE KEASEY FORMATION 
OF THE OLIGOCENE OF OREGON 


BY HUBERT G. SCHENCK 
(Abstract) 


A study of the origin, differentiation, and distribution of certain species 
of the bivalve Acila necessitated stratigraphic investigations in certain 
critical areas, and as a result some conclusions have been reached that 
have a bearing on the stratigraphy of post-Tejon Eocene and_ pre- 
Vaqueros Miocene formations of the Pacific Slope of North America. 
Among the areas examined and mapped in 1951 is a part of the Coast 
Range of Oregon, in Columbia, Washington, Yamhill, and Polk counties. 

Extensive collections of fossils verified an earlier opinion that the 
Keasey formation underlies the Pittsburg Bluff formation. The recent 
investigation shows equally clearly that the Keasey rests upon Cowlitz 
Eocene beds. Accumulating evidence thus shows that, in western Oregon 
at least, there was a distinct epoch of deposition after Cowlitz Eocene 
time and before the formation of the Acila shumardi beds, which are 
older than the Vaqueros (lower Miocene) formation of California and 
the Blakeley (upper Oligocene 7) formation of Washington. 


EOCENE LLAJAS FORMATION, VENTURA COUNTY, CALIFORNIA 
BY JOHN HERBERT MC MASTERS 
(Abstract) 


The Llajas formation, of middle Eocene age, is typically exposed imme- 
diately northwest of the mouth of Las Llajas Canyon, on the northeastern 
side of Simi Valley, Ventura county, California. The formation was re- 
cently cored extensively in the Richfield Oil Company Well, “Tapo No. 
42.” Surface and subsurface data thus afford the basis for an accurate 
opinion concerning the stratigraphy and paleontology of the formation. 
Two zones are recognized, the upper being designated the Cyclammina 
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zone and the lower the Discocyclina clarki zone. The two zones aggre- 
gate a total thickness of 2,020 feet in the well and approximately 1,150 
feet in the most easterly complete surface exposure of the formation. 
The evidence derived from a detailed study of 150 core samples and nu- 
merous surface samples not only substantiates previous correlations of 
the Llajas formation with the Rose Canyon shale of the San Diego re- 
gion but also indicates that both the type Domengine sandstone and the 
underlying ““Meganos” shale of the district north of Coalinga are to- 
gether the correlative of the Llajas formation. 


FUSULINIDS OF THE MCCLOUD AND NOSONI FORMATIONS OF NORTH 
CALIFORNIA 


BY HARRY E, WHEELEB 
(Abstract) 


This paper is an outgrowth of a study of the stratigraphic relationships 
of the later Paleozoic sedimentary formations near Baird in Shasta 
county, California. 

Because of the widespread geographic distribution and short strati- 
graphic range of many species of the fusulinids, together with their oc- 
eurrence ut several horizons in the McCloud and Nosoni formations, they 
have been especially useful in stratigraphic correlation and age deter- 
mination. These foraminifera have been employed, along with other 
criteria, in determining the disconformable relationship between the 
McCloud limestone and Nosoni shale, and in establishing the Permian 
age of both formations. 


The Branch adjourned for luncheon and reconvened at 2 o’clock, 
when the following papers were read : 


HYAENOGNATHUS FROM THE LATE PLIOCENE OF THE COSO MOUNTAINS, 
CALIFORNIA 


BY CHESTER STOCK 
(Abstract) 


A mammalian fauna secured from late Pliocene sediments exposed on 
the flanks of the Coso Mountains in Inyo county, California, includes 
Pliohippus or Plesippus, a mastodon, peccary, a new type of vole, and 
the canid genus Hyaenognathus. 

This is the fourth occurrence of the genus in California. The species 
is certainly distinct from H. dubius and resembles H. matthewi from 


Tequixquiac, Mexico. 
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ANCHITHERIINE HORSES FROM THE MERYCHIPPUS ZONE, NORTH 
COALINGA DISTRICT, CALIFORNIA 


BY FRANCIS D. BODE 
(Abstract) 


Exeavations by the California Institute in the Marychippus zone of 
the north Coalinga district, California, have added records of three 
genera of anchitheriine horses to the Miocene fauna known from this 
horizon. 

Hypohippus is represented by an upper molar and three lower pre- 
molars. The material is inadequate for more than a generic determina- 
tion. 

Parahippus is represented by some twenty upper and lower cheek- 
teeth. The presence of cement on these teeth and the peculiar ptychoid 
crenulations of the walls of the protoloph and metaloph indicate that 
this form is closely related to Parahippus brevidens Marsh from the 
Mascall middle Miocene of eastern Oregon. 

A ramus with P,-M, and numerous superior and inferior cheek-teeth 
are assigned to the genus Archaeohippus. A comparison of this type 
with Archaeohippus “Parahippus” mourningi (Merriam) from the Bar- 
stow upper Miocene shows that these two forms are specifically identical. 
The Archaeohippus material now available defines clearly several char- 
acters which aid in distinguishing this genus from Parahippus and 
Hypohippus. 


A NEW OTTER FROM LATER CENOZOIC BEDS, SOUTHWESTERN IDAHO 
BY E. L. FURLONG 
(Abstract) 


Among the mammalian remains collected in early Pleistocene or late 
Pliocene deposits (Idaho formation?) along the Snake River, northwest 
of Grandview, Owyhee county, Idaho, is a lower jaw of an otter. This 
form is characterized principally by large size and heaviness of the 
cheek-teeth. In these features it is noticeably different from the Recent 
Lutra canadensis and L. lutra and is therefore described as a new species. 


PLEISTOCENE RODENT FAUNA FROM THE CARPINTERIA ASPHALT 
DEPOSITS 


BY ROBERT W. WILSON 
(Abstract) 


The rodent material from the Carpinteria locality is fragmentary, con- 
sisting chiefly of lower jaws. Specific identification is in most cases not 
feasible. A generic list includes Eutamius, Sciurus, Thomomys, Perogna- 
thus, Dipodomys, Onychomys?, Peromyscus, Neotoma, Microtus, Lepus, 
and Sylvilagus. Lack of opportunity to make definite specific and sub- 
specific determinations has handicapped a full appreciation of the eco- 
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logical conditions which prevailed during the existence of the assem- 
blage. The occurrence of Eutamius and Sciurus suggests that the region 
was forested. The mingling of semi-arid and sylvan types in the as- 
semblage further suggests that the deposit was situated near the edge of 
this forest. 

An upper Pleistocene age may be tentatively assigned to the fauna. 


NOTES ON SEARLESIA 
BY U. S. GRANT IV 
(Abstract) 


Preliminary study of the ten or twelve named forms of Searlesia Har- 
mer, indicates that the genus probably originated in the North Pacific 
Basin in Oligocene time (if not earlier) and reached the North Atlantic 
Basin in middle Pliocene time, almost certainly by an Arctic route. Judg- 
ing from its conchological characters, “Fusus” harfordi Stearns, which was 
described from the recent fauna of northern California and which later 
became the tyue of Harfordia Dall, appears to be a rare species of 
Searlesia. Its anatomy has not yet been made known. The genus is 
known in the Oligocene and later strata of California, and it occurs in 
the Pliocene of Japan. It probably is not as closely related to Kelletia 
as was recently suggested by Dr. II. R. Gale and the present author. 


NEW EVIDENCE ON THE AGE OF THE JOHN DAY FORMATION 
BY EDWIN T. HODGE 
(Abstract) 


In 1927 a large new area of the John Day formation was found im- 
mediately on the east side and at the foot of the Cascade Mountains. A 
number of new and important John Day fossils were found in this forma- 
tion that have been determined by W. D. Matthew and R. A. Stirton as 
follows: Thinohyus, Promerycochoeurus, Eporeodon, Camelidae, Hyper- 
tragulus, Blastomeryx, Anchitheriinae. The largest number of the forms 
found as well as the number of specimens of each form found are those 
that hitherto had been considered upper Oligocene and lower Miocene in 
age and, indeed, some forms extended through the Miocene, especially the 
Blastomeryx. The fossils indicate that the John Day formation in this 
westernmost extension is, in its upper part, of Lower Miocene age, and 
is the first evidence that has been found of this fact though it has long 
been known that erosion has removed in places a part of the Upper John 
Day formation. 
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BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 
VOL. 44, PP. 235-242 FEBRUARY 28, 1933 


PROCEEDINGS OF THE THIRTEENTH ANNUAL MEETING OF 
THE MINERALOGICAL SOCIETY OF AMERICA, HELD AT 
CAMBRIDGE, MASSACHUSETTS, DECEMBER 28 AND 29, 
1932. 

Frank R. Van Horny, Secretary 


CONTENTS 

Page 
Session of Wednesday afternoon, December 235 

Report of the New Committee on Nomenclature and Classification of 
Report of the representative on the National Research Council.......... 238 


Report of the Committee on Cooperation with the Secretary of the XVI 
International Geological Congress, along the lines of Mineralogy and 


Session of Thursday morning, December 29.............. 240 
Joint session with the Geological Society of America, December 29........... 240 
Session of Thursday afternoon, December 241 


SESSION OF WEDNESDAY AFTERNOON, DECEMBER 28 


The Mineralogical Society of America held its Thirteenth Annual Meet- 
ing, December 28 and 29, 1932, in conjunction with the Geological Society 
of America, at Cambridge, Massachusetts, as guests of Harvard University, 
Massachusetts Institute of Technology, and the Boston Geological Society. 
On Wednesday, December 28, at 2 p. m., President A. N. Winchell called 
the regular annual meeting to order in the Mineralogy Lecture Room, Uni- 
versity Museum, Harvard University. On motion of the Secretary, the 
reading of the minutes of the last annual meeting was dispensed with, in 
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view of the fact that they have been printed on pages 108-109 of volume 17, 
number 3, of the American Mineralogist. 


ELECTION OF OFFICERS AND FELLOWS 
The Secretary announced that 161 ballots had unanimously been cast 
for the officers as nominated by the Council. For Fellows there was a 
unanimous vote of 66 ballots in the affirmative. All officers and Fellows as 
nominated were declared elected. The officers for 1933 are the following: 
President, P. WHITLOCK 
American Museum of Natural History, New York, New York 
Vice-President, FRank N. GUILD 
University of Arizona, Tucson, Arizona 
Secretary, FRaxk R. Van Horn 
Case School of Applied Science, Cleveland, Ohio 
Treasurer, WALDEMAR T. SCHALLER 
U.S. Geological Survey, Washington, D. C. 


Editor, WALTER F. Hunt 


University of Michigan, Ann Arbor, Michigan 


Councilor 1933-1936, KENNETH K. LANDES 


University of Kansas, Lawrence, Kansas 


The Fellows elected follow: 

Victor T. ALLEN, Associate Professor of Geology, Saint Louis University, Saint 
Louis, Missouri. 

Lawson H. Baver, Assistant Chief Chemist, New Jersey Zine Company, Frank- 
lin, New Jersey. 

JosePpu IP, ConNOLLY, Professor of Mineralogy and Petrography, South Dakota 
School of Mines, Rapid City, South Dakota. 

JAMES GILLULY, U. S. Geological Survey, Washington, D. C. 

GEORGE TUNELL, Geophysical Laboratory, Washington, D. C. 


REPORT OF THE SECRETARY 


The Secretary reported that the roll of the Society now comprises 117 y 
Fellows and 280 members in good standing, a loss of 28 over last year. 
One Fellow, George F. Kunz, and two members, G. I. Adams and R. D. 
Harvey, died during the year. In addition to the 397 Fellows and mem- 
bers, there are 253 subscribers, an increase of 20 over the previous year. 
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A total of 650 paid copies of the journal, The American Mineralogist, 
are mailed monthly, a loss of 8 over last year. Actually during the past 
year, 5 Fellows, 31 members and 38 subscribers, a total of 74, were added 
to the list, but deaths, resignations, with nonpayment of dues and subscrip- 
tions, have reduced the mailing list by 3 Fellows, 56 members, and 11 sub- 
scribers, a total of 70, making a net loss in all clases for the year of 8 names. 
It is felt that the Society has done well under present conditions to main- 
tain its position with such a small loss. Upon motion, the report was ac- 
cepted and ordered filed. 

At the meetings 101 Fellows, members, and guests registered. In addi- 
tion to the presidential address at the joint meeting 31 scientific papers 
were presented at the various sessions of the Society. 


REPORT OF TITE TREASURER 


The Treasurer, W. T. Schaller, presented his report which showed a 


‘favorable balance, and, upon motion, was accepted and ordered filed. 


President Winchell announced that early in December, at the request of 
the Treasurer, he had appointed an Auditing Committee, composed 
of three nonmembers of the Council: George Tunell, chairman; A. H. 
Koschmann and James Gilluly. This committee reported at the meet- 
ing that they found the books of the Treasurer correct, and that they 
had also inspected the securities owned by the Society and had found 
them as listed in the safe-deposit box. - 


REPORT OF THE EDITOR 


The Editor, Walter F. Hunt, read his report which, on motion, was 
accepted and ordered filed. An abstract of the report follows: 

The current year concludes the seventeenth volume of The American 
Mineralogist, which again reached a total pagination of nearly 600 pages. 
The accomplishments, therefore, for 1932 should be considered as satis- 
factory, especially at a time when many enterprises are being forced to 
curtail their operations. 

In summarizing some of the major points of interest in volume 17, 
reference should be made to the attractive July issue of 112 pages, with 
47 illustrations. This special number represents another series of 11 con- 
tributions from the Department of Mineralogy and Petrography of Har- 
vard University. 

Also the number of leading articles published this year is considerably 
larger than usual. The volume contains 65 of these contributions, re- 
ceived from 26 different universities, research bureaus, and technical 
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laboratories. Aside from these longer articles, 13 shorter papers have 
appeared, thus increasing the total number of published manuscripts 
to 78. 

A survey of the titles of these articles reveals an unusual range of sub- 
ject matter; contributions representing descriptive, chemical, and opti- 
cal mineralogy; structural and geometrical crystallography; mineral- 
ography (=chaleography) and petrography; as well as memorials, ad- 
dresses and locality articles. Included in the list are the descriptions of 
seven new mineral species: alleghanyite, galaxite, ashtonite, clinoptilo- 
lite, sanbornite, juanite and magnesiosussexite. Also, as in previous 
vears, considerable space in volume 17 is devoted to book reviews, ab- 
stracts of articles in foreign journals describing new mineral names, news 
items, and the monthly proceedings of numerous mineralogical clubs and 
societies. 


REPORT OF THE NEW COMMITTEE ON NOMENCLATURE AND CLASSIFICATION 
OF MINERALS 


The chairman, W. T. Schaller, discussed a report which had been 
mimeographed and mailed to the membership. It was moved, seconded, 
and carried to accept the report with approval. The committee was also 
continued in order that it might meet with members of a British com- 
mittee during the International Geological Congress at Washington, 
D. C., during July, 1933. The committee consists of W. T. Schaller, 
chairman; W. F. Foshag, Esper 8. Larsen, J. F. Schairer, T. L. Walker, 
Alexander N. Winchell. 


REPORT OF THE REPRESENTATIVE ON THE NATIONAL RESEARCH COUNCIL 


The representative of the Society, C. S. Ross, reported that the Council 
was to be reorganized with a considerable reduction in numbers which 
in due time would be communicated to the officials of our Society. 


REPORT OF THE COMMITTEE ON COOPERATION WITH THE SECRETARY OF 
THE XVI INTERNATIONAL GEOLOGICAL CONGRESS, ALONG THE LINES OF 
MINERALOGY AND PETROLOGY 


In the absence of the chairman, W. F. Foshag, W. T. Schaller re- 
ported that all chances of cooperation were unsuccessful, but suggested 
that the committee be continued in the event of some emergency. This 
was moved and carried. The committee consists of W. F. Foshag, J. F. 
Schairer, and W. T. Schaller. 
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NEW BUSINESS 


At the Toronto meeting, a committee was appointed to investigate 
the question of a medal to stimulate interest in the work of the Society. 
This committee consisted of E. H. Kraus, chairman; Alexander N. Win- 
chell and Esper 8S. Larsen. The committee suggested that arrangements 
should be initiated toward such a medal to be known as the Washing- 
ton A. Roebling Medal for meritorious achievement in Mineralogy and 
allied sciences, and further recommended that $100 be set aside during 
1933 toward this object. It was moved and carried that the report of 
the committee be adopted, and that the committee be continued. 

It was announced that following the custom inaugurated at the Tulsa 
meeting, an informal luncheon of the Society would be held at 12:45 
p. m. on Thursday, December 29, at the Harvard Faculty Club, with 
Charles Palache in charge of arrangements. 


MEMORIAL BIOGRAPILY 
There was but one: Memorial of George F. Kunz (died June 29, 1932), 
by P. F. Kerr. 
PRESENTATION OF PAPERS 
At 3:11 p. m., there being no further business, the presentation of 
papers was taken up according to program, as follows: 
IMMERSION LIQUIDS OF INTERMEDIATE REFRACTION 
BY R. D. BUTLER AND M, J. BUERGER 
SYMBOLS OF CRYSTAL OPTICS 
BY AUSTIN F. ROGERS 
CLEAVAGE AND PARTING IN QUARTZ 
BY AUSTIN F. ROGERS 
NEW OBJECTIVE FOR THE PETROGRAPHIC MICROSCOPE 
BY C. B. SLAWSON 
ATOMIC STRUCTURE AND GEOMETRICAL CONSTANTS OF TENORITE 


BY GEORGE TUNELL, E, POSNJAK, AND C. J. KSANDA 


HAUY-BRAVAIS LATTICE AND OTHER CRYSTALLOGRAPHIC DATA FOR SODIUM 
MOLYBDO-TELLURATE 
BY J. D. H. DONNAY AND J. MELON 
X-RAY STUDY OF PYRITE OR MARCASITE CONCRETIONS IN THE ROCKS OF 
THE CLEVELAND, OHIO, QUADRANGLES 


BY FRANK R. VAN HORN AND KENT R, VAN HORN 


The Society adjourned at 5:35 p. m., to meet at 9 a. m., Thursday. 
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Session oF THursDAY MorNinG, DECEMBER 29 


At 9:10 a. m., President Winchell called the second session to order, 
and the reading of scientific papers proceeded according to program. 


PRESENTATION OF PAPERS 
FIVE FOLD CHECK OF URANINITE AGE? 
BY ALFRED C, LANE 
PYRITE-MARCASITE RELATION 
BY M. J. BUERGER 
SOME CARNEGIEITE SOLID SOLUTIONS 
BY TILLEY AND J. SCHAIRER 
JOHANNSENITE, A NEW MANGANESE PYROXENE 
BY W. T. SCHALLER 
COLUSITE, A NEW TIN-BEARING TENNANTITE FROM BUTTE, MONTANA 
BY R. E. LANDON 
Read by title. 
OCCURRENCE OF STRONTIANITE AT SIERRA MOJADA, MEXICO 
BY PHILIP KRIEGER 
ORIGIN OF THE SAND BARITES OF THE LOWER PERMIAN OF OKLAHOMA 
BY W. A. TARR 
Read by C. J. Roy. 
VEIN-LIKE MASSES OF PYRRHOTITE IN CHALCOPYRITE FROM THE WAITE- 
ACKERMAN-MONTGOMERY MINE, QUEBEC 
BY J. S, STEVENSON 
TUNGSTEN DEPOSIT AT MILL CITY, NEVADA 
BY P. F, KERR 
PECULIAR GNEISSES OF A LATE FORMATION IN THE CASCADES, 
WASHINGTON 
BY STEPHEN RICHARZ 
PEGMATITES OF THE PIKE’S PEAK REGION, COLORADO 
BY CHARLES PALACHE AND EDWIN OVER, JR. 


At 11:47 a. m., the Society adjourned to the joint session with the Geo- 
logical Society of America. 


JOINT SESSION WITH GEOLOGICAL SocIETY OF AMERICA, DECEMBER 29 


The Mineralogical Society of America held a joint session with the 
Geological Society of America in the Harvard Union at 12 o’clock, Thurs- 
day, December 29, Alexander N. Winchell, retiring president of the 
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Mineralogical Society of America, delivered his presidential address, 
“The New Mineralogy.” ‘The joint session was presided over by R. A. 
Daly, President of the Geological Society. 


LUNCHEON MEETING, DECEMBER 29 
The Mineralogical Society of America held its second luncheon meeting 
at 12345 p. m., Thursday, December 29, at the Harvard Faculty Club. 
The meeting was presided over by Vice-President Joseph L. Gillson who 
called on each person present to give his name, position, and chief interest 
along mineralogical lines. There were 51 present. 


Session oF Trurspay ArrerNnoon, DECEMBER 29 


At 2:15 p.m., President Winchell called the third session to order, and 
the reading of scientific papers proceeded according to program. 


PRESENTATION OF PAPERS 
USE OF PLANE ANGLES IN GEOMETRICAL CRYSTALLOGRAPHY 
BY AUSTIN F. ROGERS 
THEORY OF DETERMINANTS APPLIED IN CRYSTALLOGRAPHY 
BY J. D. HW. DONNAY 
CRYSTALLOGRAPHIC NOTES 
BY CHARLES PALACHE AND LAURENCE LA FORGE 
CRYSTALLOGRAPHY OF EMPLECTITE 
BY M. A. PEACOCK 
DIFFERENTIATION AS EXPRESSED BY INTRUSIVE STOCKS IN THE 
MAGDALENA DISTRICT, NEW MEXICO 


BY A. H. KOSCHMANN 


CONTACT METAMORPHISM OF THE ONAWA BATHOLITH, PISCATAQUIS 
COUNTY, MAINE?! 


BY SHAILER S, PHILBRICK 
STRUCTURE AND ALTERATION OF THE DEER CREEK INTRUSIVE, WYOMING 2 
BY JOHN T. ROUSE 
STILLWATER IGNEOUS COMPLEX, MONTANA® 


BY J. W. PEOPLES 


1Introduced by Edward B. Mathews. 
2 Introduced by Frank R. Van Horn. 
3Introduced by Edward Sampson. 
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DIFFERENTIATION IN COLUMBIA RIVER BASALT? 


BY H. N. FISK 


STRUCTURE OF THE POLYMORPHIC FORMS OF NITER 


BY TOM F, W. BARTH AND C, J. KSANDA 


BEIDELLITE IN THE CRETACEOUS CLAYS OF NEW JERSEY 


BY A. C. HAWKINS 


HELICALLY TWISTED MILLERITE CRYSTALS 
BY A. C. HAWKINS 
NEW MUSEUM CASES OF THE ACADEMY OF NATURAL SCIENCES OF 
PHILADELPHIA 
BY S. G. GORDON 
Read by title. 
VOTE OF THANKS 


The last paper was finished at 5:13 p. m., after which A. C. Hawkins 
moved that the thanks of the Society be extended to the authorities of 
Harvard University, Massachusetts Institute of Technology, the Geologi- 
cal Society of Boston, and to the local committee for their kindness and 
hospitality. This was seconded by J. Ellis Thomson and carried, after 
which the session closed. 


1 Introduced by Frank R. Van Horn. 
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VOL. 44, PP. 243-264, 5 FIGS. APRIL 30, 1933 


THE DEPTHS OF THE EARTH 
PRESIDENTIAL ADDRESS BY REGINALD A. DALY 


(Read before the Geological Society, December 28, 1932) 


CONTENTS 

Page 

INTRODUCTION 


Charles Lapworth was one of the intellectual princes of our profession. 
He it was who discovered the “Secret of the Highlands.” In another 
Scotland Yard he triumphantly illustrated the British genius for detective 
work. His penetrating eye saw in principle, and later Peach and Horne 
proved, the majesty of the Scottish thrusts. Thus a revolutionary idea 
became generally accepted. Yet a still more vital secret underlies the 
secret explained by the brilliant Lapworth. That further mystery, still 
unsolved to general satisfaction, is the cause of the clean-cut slicing and 
plastic shearing of the rocks when mountains are made. Clearly the data 
for solving the mystery must be sought under all the lands and seas— 
in the earth’s vast interior. 

There, too, is the condition for the isostatic rise of the crust when the 
regional ice-caps melted, or when continents lost weight by denudation 
and rose to renew their equilibrium. There, ultimately, is the key to the 
problem of former land bridges between continents, and to paleogeographic 
problems in general. The petrologist, also, can not escape the necessity of 
thinking intensely about the third dimension, depth, as well as about the 


1C, Lapworth: Geol. Mag., vol. 10, 1883, pp. 120, 193, 337. 
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two dimensions of the maps. In short, the geologist, however specialized, 
has to be a courageous soul and venture where angels can not tread. The 
equipped geologist shall know not only his six continents and the seven 
seas ; he shall faithfully treasure every scrap of information that may come 
to him regarding the invisible and intangible, where lies the secret of 
secrets of all geological science. To go down in imagination is an adven- 
ture, daring but thoroughly essential, for in depth is the seat of dominating 
energy and the origin of all rocks whatever. 

Since the year 1900, discoveries and fertile hypotheses about conditions 
beneath the accessible part of our planet have been pouring into the litera- 
ture and summarized in thick handbooks. The young science, geophysics, 
has become a giant with a giant’s power to move, and then in a measure to 
fix, the foundations of geological thought. This evening I offer a specu- 
lative and necessarily tentative picture of the earth’s interior in the light 
of the new geophysics, checked by facts of geology and by the possibilities 
of cosmogony. 


SHELLS AND CorRE OF THE EARTH 


In principle, the picture is given in Tables I and II. The first shows 
kinds, states, and densities of the materials constituting a typical conti- 
nental sector, and also gives the velocities of earthquake waves in that 
sector: V, for the longitudinal waves and V, for the transverse. Similarly 
Table II refers to the broad sector underlying the deeper part of the open 
Pacific Ocean. Somewhat different from either, at levels above the depth 
of 80 kilometers, would be any sectors capped by lofty chains of mountains 
or by oceans shallower than the deep Pacific. 

This sketch of the earth’s anatomy is based upon: 


1. Seismologists’ determinations of wave velocities and changes of velocity in 
depth, with corresponding discontinuities of the material ; 

2. Known composition of the upper part of the Sial; 

3. Dominantly basaltic quality of lava floods ; 

4. World-wide distribution of basaltic eruptives and the genetic association 
of basaltic magma with other observed igneous magmas and rocks 
(eruptive sequence) ; 

5. Necessity of assuming a distribution of densities to match the earth’s 
moment of inertia and its mean density: 

G6. Commonly accepted postulate that the earth’s core is composed essentially 

of metallic iron, which, according to some high authorities, acts like 

a liquid against the weak, rapidly alternating stresses of earthquake 

waves; 
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7. Experimental and seismological evidence as to the compressibilities of rock 
matter and iron, and the relation of the compressibilities to the speeds 
of earthquake waves; 

8. Observed and calculated thermal gradients in the planet; 

9. Probable distribution of radioactivity ; 

10. Systematic differences of thermal conductivity among rocks, whether crys- 
talline or vitreous; 

11. Probable origin of the earth; 

12. Composition of meteorites ; 

13. The extreme weakness of material below the depth of a few scores of kilo- 
meters (permitting isostatic adjustment) ; 

14. Facts bearing on orogenesis. 


Here again are fourteen points. Not all of them make universal appeal, 
and no treaty of Versailles is likely to bring peace soon in this war of 
opinion. Full discussion of any point is out of the question, and whole 
fields of inquiry bearing on the nature of the earth’s interior must be left 
untouched. Our time will be occupied chiefly with one fundamental as- 
sumption—that all but a small fraction of the 2,900-kilometer envelope 
of the planet’s core is in the vitreous state. This implies the reality of a 
true crust, in the sense of a thin, crystallized shell resting on a series of 
noncrystallized shells ; earth temperatures to correspond ; strength nearly, 
if not quite, confined to the crust ; and, because of the relations of density, 
potential instability for limited belts of the crust. The validity of this 
general idea is one of the most pressing and significant problems of earth 
science. 

AN Earti LARGELY VITREOUS 


COSMOGONY AND THE VITREOUS SHELLS 


First we observe that all modern views about the earth’s origin permit 
the hypothesis described. The erupto-tidal theory of Chamberlin and 
Moulton, the gas-filament tidal theory of Jeans and Jeffreys, the collision 
theory of Bickerton and Jeffreys,* and the capture-collision theory of 
Hirayama * and Van Anda *—all start with a gaseous earth. Chamberlin 
and Moulton argued for the rapid solidification of the young earth and 


2A, W. Bickerton: Trans. New Zealand Inst., vol. 138, 1880, p. 154; vol. 27, 1894, p. 
545. Cf. A. C. Gifford: New Zealand Jour. Sci. and Tech., vol. 7, 1925, p. 323; Scientia, 
Milan, September-October, 1932, pp. 141, 203. H. Jeffreys: Mon. Notices Roy. Astr. Soc. 
London, vol. 89, 1929, pp. 636, 731. H. Dingle (Nature, vol. 129, 1932, p. 333) has 
supplied a convenient summary of all the published explanations of the solar system, ex- 
cept those of Hirayama, Van Anda, Gunn, and Berlage. 

3K. Hirayama: Proc. Imper. Acad. Japan, vol. 7, No. 5, 1931. 

4C. V. Van Anda: Science, vol. 74, 1931, p. 187. Cf. R. Gunn: Jour. Franklin Inst., 
vol. 213, 1932, p. 639; H. P. Berlage, Jr., Science, vol. 76, No. 1970, Supp., p. 6. 
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for a tremendous increase of mass by the infall of planetesimals, the earth 
remaining crystalline except for subordinate, liquid pockets of quasi- 
eutectic composition. Yet it appears that these authors exaggerated the 
role of planetesimals in the earth’s organization. Moreover, the solar belch 
responsible for our globe may, by the erupto-tidal theory, have been big 
enough to retain the gaseous condition until the earth had attained prac- 
tically its present mass. Jeffreys dates the segregation of the iron core at 
the gaseous stage—its most plausible explanation. He assumes that, after 
liquefying, the thick envelope about the core was “probably” made homo- 
geneous in a chemical sense by thermal convection, and then by continued 
stirring was rapidly cooled and crystallized at great depth. However, it 
seems logical to think that the envelope itself was originally stratified, the 
intrinsic (chemically determined) density increasing with depth. If so, 
early thermal or other types of convection would cool only the outer part 
of the envelope about the core. Thus, the initially high temperatures and 
noncrystalline character of all shells below the depth of a few hundred 
kilometers would be long preserved. Like the others, then, Jeffreys’ cos- 
mogonic scheme does not forbid belief that below a crust of moderate 
thickness the shells of the envelope are still too hot to pass out of the 
vitreous state. 
SEISMOLOGY AND THE EARTH-SHELLS 


By general agreement the upper part of the Basement Complex (Archean 
terrane) is regarded as chiefly granitic. According to Sederholm’s careful 
measurements in a regional sample (Finland), its average composition 
lies between those of average granite and average granodiorite.®> At depths 
greater than a few kilometers the Sial should be somewhat more basic be- 
cause of an increased proportion of femic injections, and the lower half 
of the Sial may, in average, approximate granodiorite. There the density 
is doubtless increased still further by load metamorphism. Although these 
deeper rocks of the Sial are probably gneissic, their exact nature remains 
obscure. Hence, there is some advantage in giving them the non-committal 
names of “piezo-granite” and “piezo-granodiorite.” 

Similarly, between the 40-kilometer and 60-kilometer levels the crystal- 
lized Sima, chiefly basaltic in chemical composition, is not likely to be 
gabbro or diabase, but denser rock. Its phases may be grouped under the 
name “piezo-gabbro.”® The velocities of the earthquake waves are ex- 
plicable if the Sial and crystallized Sima have the constitution described. 


5 J. J. Sederholm: Bull. No. 70, Commission géologique de Finlande, Helsinki, 1925. 
¢ No important phase of this layer seems to be as dense and incompressible as eclogite. 
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That the material just below the 60-kilometer discontinuity is vitreous 
basalt is an assumption at least permitted by studies of compressibility. 
Bridgman’s pressure-volume curve for tachylite at 75° is relevant.” It 
gives a rather close approximation to the compressibility of basaltic glass 
at pressure corresponding to depths of 60, 70, and 80 kilometers below the 
earth’s surface. The density of the glass under these conditions is known 
within narrow limits. Taking the accepted value of Poisson’s ratio at 
0.27, the closely approximate velocity of the longitudinal wave in tachylite 
at 75° and at the depths stated is found. Table III shows the result of 
such computation as well as the densities and elastic data. The expected 
high temperature of the glass at these levels is not allowed for in the 
calculation of wave velocity. Heating tends slightly to reduce compres- 
sibility and therefore wave velocity, but the correction required for this 
reason may be more than offset by proper correction for the difference 
between the high-pressure or static modulus of elasticity and the somewhat 
higher, seismically-effective or dynamic, modulus for the same rock. Actual 
velocities of the longitudinal wave at the depths of 60, 70, and 80 kilo- 
meters within the earth have, according to the seismologists, the values 
shown in the last column of Table III. Comparison of this and the preced- 
ing column shows how well vitreous basalt meets the needs of the case. 
The agreement would be much poorer if crystalline peridotite were as- 
sumed at these depths. The vitreous basalt may now be only a few tens 
of kilometers thick, passing below into vitreous periodite. 


Tas eE III.—Data Regarding a Tachylitic Earth-Shell 


Volume Computed “Observed” 

Depth Pressure compres- Density | Vp in tachylite| Vp) in earth 

(km) (bars) sibility (km per sec) | (km per sec) 
60 17,300 | 1.13 x 106 2.80 7.4 7.8 
70 20, 100 1.07 2.82 7.6 7.9 
80 23,000 | 1.00 2.85 7.8 8.0 


Gutenberg’s depth-velocity curve suggests only moderate chemical 
change between the 100-kilometer level and the discontinuity at 1,200 
kilometers.8 Vitreous peridotite, perhaps merging into material like the 
average stony meteorite, would give the corresponding densities and wave 
velocities of Tables I and II, at these greater depths. 


7P. W. Bridgman: Am. Jour. Science, vol. 10, 1925, p. 363. 
8B. Gutenberg: Der Aufbau der Erde, Berlin, 1925, p. 31 ff., with references. 


4 
H 
| 
i 
4 
q i 
| 
E 
d 


250 REGINALD A. DALY—THE DEPTHS OF THE EARTH 


The meaning of each of the discontinuities, tentatively located by Guten- 
berg at 1,200, 1,700, and 2,450 kilometers of depth, is an unsolved problem. 
Goldschmidt supposes the changes of material to be in the direction from 
dominant silicate to dominant sulphide or oxide.® The “observed” wave 
velocities seem to permit, though they do not compel, the idea of a vitreous 
condition for what Gutenberg calls the “intermediate layer,” that between 
the 1,200-kilometer and 2,900-kilometer levels. 

In conclusion, seismology has given results not unfavorable to our main 
thesis—noncrystallinity for all earth-shells below the thin crust. Experi- 
ments like those of Bridgman on liquids suggest that pressure alone can 
give the “glass” effective “solidity” in its reaction to the weak, short-lived 
stresses of earthquake waves.’ That the temperatures are high enough to 
prevent crystallization is a premise which would be strengthened if, as 
Oldham, Knott, Visser, Jeffreys, and Gutenberg think, the earth’s core 
acts as a true liquid against the stresses of earthquake waves; for pre- 
sumably the temperature of the core would have to be exceedingly high to 
counteract the “solidifying” effect of the one to three million atmospheres 
of pressure upon the core material." 

Figure 1, adapted from a drawing recently published by Hodgson, sum- 
marizes the present opinion of some seismologists regarding the earth’s 
constitution.!* In another form it repeats the story of Tables I and II. 
The thin, interrupted Sial, light rocks of the continents, is left blank and 
is represented only diagrammatically. The thick line shown in the sections 
at the surface of the globe, but locally running under the Sial, represents 
the continuous shell of the denser, crystallized Sima, which is not far from 
plateau-basalt in average chemical composition. This overlies a continuous 
shell of vitreous Sima, noncrystallized basalt, probably passing downwards 
into noncrystalline peridotite. The latter, in turn, is underlain by thick 
shells of still denser but also vitreous material. All these shells are highly 
rigid against small, periodic stresses, and yet have little or no strength. 
At the center of the earth is the massive core, supposed to be essentially 


°V. M. Goldschmidt : Naturwissenschaften, 1922, Heft 42; ibid., 1930, Hefte 47-49. 

10 Pp, W. Bridgman: Proc. Am. Acad. Arts and Sciences, vol. 61, 1926, p. 96. 

“In an earlier publication (Bull. Seism. Soc. America, vol. 20, 1930, p. 52) I stated the 
opinion, based on Gutenberg’s estimates of wave velocities in the region, that the 2,900- 
kilometer discontinuity might register the transition from seismically-rigid iron to liquid 
iron. Now appearing more within the range of possibilities is its registering simultaneous 
changes in chemical composition and state of material, always assuming the essential 
correctness of Gutenberg’s determinations. The velocities of the longitudinal wave are 
hard to reconcile with my earlier conclusion. Actual proof of the core’s liquidity is not 


yet in .hand. 
2. A. Hodgson: Smithsonian Report for 1931 (1932), p. 358. 
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metallic iron and perhaps in the truly liquid state, that is, lacking both 
rigidity and strength. 

EVIDENCE FROM THERMAL GRADIENTS 


A review of the best data gives 1 degree centigrade per 36 meters, or 
28 degrees per kilometer of depth, as a good average gradient of tempera- 


CRYSTALLIZED SIMA 


FiGurRE 1.—Diagram illustrating a tentative Suggestion as to the Nature 
of the Earth’s Interior 


ture at the surface of the Archean complex. Extrapolation to depth is 
famously difficult. On any reasonable set of assumptions the gradient 
must, with increasing depth, become less steep: slowly near the surface and 
then faster to some moderate depth, where the rate of change becomes lower 
again. The troubles in calculating the gradients at depths greater than 
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about 25 kilometers are numerous and of differing importance. There 
are two major troubles. One is connected with uncertainty regarding the 
distribution of radioactivity in the rocks; the other, with uncertainty 
regarding the content of primitive, nonradioactive heat in those earth- 
shells which, through geological time, have actually felt the cold of outer 
space. Minor difficulties relate to the proper values to be assigned to the 
age of the earth and to the conductivity and specific heat of each of the 
outer earth-shells. 

Because the crust has existed continuously since the early Archean, all 
authorities assume strong concentration of radioactivity in the superficial 
shells. Jeffreys and others believe that the thermal output of the radio- 
active furnace is less than the heat lost by radiation from the surface, a 
large fraction of this squandered energy being an original endowment of 
the planet. Joly and Holmes, though also assuming much concentration 
of radioactivity in the crust, find the radioactive furnace efficient enough 
to endanger the continued existence of the crust, if unmoved. 

According to Joly’s well-known theory, the crust persists because periodi- 
cally thinned by melting and then dragged over the earth’s body ; for both 
reasons the excess heat is supposed to have been rapidly conducted and 
radiated away. To this theery there are physical and geological objec- 
tions, apparently fatal.** 

Holmes appeals to continental migration as the leading cause for the 
dissipation of the excess heat.'* The migration is thought to have been 
compelled by periodic convection and overturn of the whole 2,900-kilo- 
meter envelope about the earth’s core. This bold suggestion implies that 
compression alone accounts for the downward increase of density in the 
envelope. Yet, as Williamson and Adams showed, mere compression of 
either basalt or peridotite could not give densities matching the earth’s 
moment of inertia and mean density.1° There are other formidable objec- 
tions to Holmes’s theory, but here, too, time fails for their discussion. 

Considering all the facts of the case, I think it most probable that no 
more than half of the heat radiated from the globe is of radioactive origin, 
the rest being original heat. 

Holmes, in 1915, and later Adams and then Jeffreys computed the 


13 See H. Jeffreys: Phil. Mag., vol. 1, 1926, p. 923; Geol. Mag., vol. 63, 1926, p. 516. 
Also F. Lotze: Nachr. Gesell. Wiss. Géttingen, math.-phys. K1., 1927, p. 75. A. Holmes: 
Trans. Geol. Soc. Glasgow, vol. 18, 1929, p. 564, with references. 

4% A. Holmes: Trans. Geol. Soc. Glasgow, vol. 18, 1929, p. 559. 

FE. D. Williamson and L. H. Adams: Jour. Washington Acad. Sciences, vol. 13, 1923, 
p. 419. Compare Haalck’s results summarized in B. Gutenberg’s “Der Aufbau der 
Erde,” Berlin, 1925, p. 45. 
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temperatures to depths of 100 or more kilometers, on two assumptions: 
moderate heat of radioactivity, and little or no secular loss of heat from 
depths greater than a few hundred kilometers. The results of Holmes 
are given in Table IV. Both Adams and Jeffreys found considerably 
lower temperatures for the same depths.1® 

All three sets of calculations are affected by the sonnel as to the 
law of diminution of radioactivity with increasing depth, and all three 
ignore the possibility of thermal convection in the earth’s body. The 
latter process would seriously affect the quantity of original heat to be 
dissipated in the course of time. While the single-step convection through 
the 2,900-kilometer envelope can not be assumed, Holmes has recently 
done good service in once more emphasizing (with Jeffreys) the possibility 
of convective transfer of primitive heat. If hot enough to be vitreous, the 
earth-shells at depth may reasonably be considered as infinitely weak 


TaBLe [V.—Calculated Temperatures in the Earth (Holmes) 


Depth (km) | Due to primitive heat | Due to radioactivity | Total temperature 


20 159° C. 441°C, 600° C. 
60 479 727 1206 
100 790 785 1575 


(liquevitreous), whatever rigidity they exhibit against seismic and tidal 
stresses.1* In any of these shells convection is possible, provided: (1) the 
thermal gradient is steep enough; (2) the intrinsic (chemically deter- 
mined) density is not far from uniform; (3) the shell is at least a few 
hundred kilometers thick ; and (4) the viscosity is not many times higher 
than that of steel. Surface cooling establishes a thermal gradient in the 
topmost liquevitreous layer. Suppose this layer to be convectively over- 
turned. The next shell beneath is chilled, and thus has its own gradient 
steepened. Suppose it also to be convectively overturned. A third layer 
is then liable to the same change; and so on. These changes take much 
time, but it is conceivable that at long intervals original heat is brought 
from great depth to the base of the earth’s crust. This speculative process, 
involving a slow, downward transfer of cold from shell to shell, may be 
briefly described as delayed, tandem convection. If such a mechanism has 


167, H, Adams: Jour. Washington Acad. Sciences, vol. 14, 1924, p. 459. H. Jeffreys: 
The Earth, 2nd ed., Cambridge, 1929, p. 154. 

17It is hard to conceive a “durovitreous”’ state for a noncrystallized earth-shell at 
temperature surpassing 1300°. 
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been at work, it is obviously wrong to postulate a fixed “initial” tempera- 
ture for the outer earth, a temperature controlled wholly or essentially by 
the relation of melting temperature to pressure. For this reason the 
giadients calculated by Holmes, Adams, and Jeffreys may be less steep 
than the true gradient. 

Their assumptions of minor importance should also be examined. In 
each of the three calculations the thermal conductivity of crust rocks is 
taken at too high a value. Not enough allowance is made for the decrease 
of conductivity with increase of temperature; nor for the fact that the 
load-metamorphosed rocks of the crust, with the expected flat-lying 
schistosity, conduct heat in a vertical direction more slowly than the 
chemically equivalent but unlayered rocks (granite to gabbro) conduct 
heat. Moreover, Holmes (since 1929) and Jeffreys assume a vitreous state 


TasBLe V.—Calculated approximate Temperatures and Gradients at Depth 


Present 
Depth (km) hypothesis Holmes Adams 

0 10°C. 10°C. 10° C. 
30 760 800 630 Temperatures 
60 1,330 1,206 960 

0 28°/km 38°/km 35°/km ) 
30 22 18 15 + Gradients 
60 16 11 10 } 


for earth-shells well within the layer affected by secular cooling, and 
should in their computations have allowed for the conductivity of vitreous 
rock, which, at ordinary temperature at least, is much lower than that of 
the equivalent crystalline rock. Again, all three calculations were based 
on a too-low value of the specific heat, a quantity increasing with tem- 
perature and also with the change of state from crystalline to vitreous. 

The net result of these minor errors, also, is to find the earth cooler in 
depth than it really is. 

Until more is known about the cause of the distribution of radioactivity 
in the rocks and about the role of delayed convection, it is impossible for 
the mathematician to declare finally the existing thermal gradient in 
depth. Yet it may be worth while to glance at Table V, which shows 
some results of the calculations by Holmes and Adams and also my own 
rough estimates of temperature and gradient down to the 60-kilometer 
level, where I assume the top of the basaltic layer to be too hot to ervstal- 
lize. These estimates of mine appear compatible with the principles of 
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earth physics, but I dare to put them before you, primarily because they 
portray a vital part of a theory of the earth which seems best adapted to 
account for the facts of geology. 

ISOSTASY AND THE VITREOUS SHELLS 


If the earth has a true crust resting on a succession of vitreous, because 
hot, shells, the weakness of the glassy material automatically explains the 
sensitiveness of the crust to glacial loads, and, in general, accounts for the 


A B Cc D Zi 


+3.0 KM. — 


RUST 


2.85 


FicurE 2.—Diagram illustrating isostatic Equilibrium of the Harth’s Crust 


According to one of the many conceivable schemes of density implied by the crust-vitreous 
substratum hypothesis. 


condition of isostatic balance among the larger topographic features of 
the globe. Supposing radioactivity to be proportioned to the acidity of 
the crust, the thickness of the crust and the densities of the outer segments 
of the earth should vary systematically. The result is a scheme of densi- 
ties different from those of the Pratt and the Airy explanations of isostasy. 
The preferred scheme can not, of course, be described in exact figures; an 
indefinite range of choices within the limits set by my theory is ad- 
missible. Nevertheless, the particular set of choices represented in Figure 
2 will illustrate the contrast with the classic hypotheses. 
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The five divisions of the drawing correspond to: an earth sector (A) 
covered by 5.2 kilometers of sea-water; a sector (B) covered with 4.2 
kilometers of sea-water; a sector (C) with the rocky surface at sealevel ; 
a sector (D) with the rocky surface at the normal height of a continent, 
800 meters above sealevel; and a sector (E) with the rocky surface at 3 
kilometers above sealevel. The crystalline Sima is shaded; the vitreous 
Sima, or substratum, left blank. The depths of the discontinuities are 
indicated in kilometers, their calculation being based upon the supposi- 
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FiGcureE 3.—Diagram illustrating isostatic Equilibrium in Sectors A-E of Figure 2 
According to the Airy explanation of Isostasy. 


tion that in sector D the Sial is 40 kilometers thick and the crystalline 
Sima 20 kilometers thick, the crust under the deepest part of the Pacific 
(sector A) being 74 kilometers thick. Average densities in sectors C-E 
and representative densities in sectors A and B are indicated. All five 
sectors are in isostatic equilibrium. 

The isostatic compensation, as between any pair of the sectors, is con- 
centrated in two loci: one, above the top level of the continuous shell of 
erystallized Sima; the other, below the bottom level of that shell. 
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For comparison, Figures 3 and 4 have been drawn to illustrate the Airy 
and the Pratt hypotheses as affecting the five sectors. The “crust” of the 
Airy conception (left blank in the drawing, Figure 3) is supposed to have 
a uniform density. The supporting medium (shaded) is assumed to have 
a uniform density 0.25 greater. Figure 4 is drawn on the supposition 
that the mean density of sector C is the same as that. of the normal Sial 
or that attributed to the “crust” of the Airy hypothesis. 


2.90- 2.88- 2.80 2.76= 2.72+ 


100 KM. 


ficure 4.—Diagram illustrating isostatic Equilibrium in Sectors A-E of Figure 2 
According to the Pratt explanation of Isostasy. 


Heiskanen’s discussion of the Airy hypothesis shows that the arrange- 
ment of densities given in Figure 3 would reduce the gravity anomalies 
nearly toa minimum, and the effect would be much the same if the arrange- 
ment of Figure 2 were substituted as the basis of calculation.‘* Hence, the 


18 W, Heiskaner: Veréfft. Finnisch. Geodiit. Inst., Helsinki, No. 4, 1924, pp. 77, 78; 
Zeit. f. Geophysik, vol. 3, 1927, p. 217; Ann. Acad. Sci. Fenn., ser. A, vol. 36, no. 3. 


1932, p. 133. 
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explanation of isostasy implied by the crust-substratum idea seems to 
have some support from the pendulum studies so far made. 


EVIDENCE FROM PETROLOGY 


Gravitative differentiation of magma is evident in certain intrusive 
sheets, laccoliths, lopoliths, dikes, thick extrusive flows, and probably in 
visible parts of a few batholiths. Year by year new examples are being 
discovered. It is surely not a wild idea to think that the earth, from the 
bottom of the crust to the top of the iron core, is also stratified according 
to intrinsic (chemically determined) density. As in differentiated sheets, 
the density of the envelope of the core should not be expected to increase 
uniformly with depth. The analogies mentioned suggest rapid changes 
of density at more or less widely spaced levels. Between any pair of those 
levels the intrinsic density may be nearly constant. 

Because of their high density the deeper shells should not be eruptible 
into or through the crust. Normally, the one layer that does erupt, as if 
emanating from a continuous earth-shell, is the basaltic. From the Pre- 
Cambrian to the present day it has delivered at the surface great masses 
of basaltic liquid in every continental and oceanic sector. This liquid 
issues alone or in direct association (inside the time limits of the petro- 
genetic cycle) with magmas of different composition. The hypothesis that 
such basaltic magmas have come from local pockets of liquid in an essen- 
tially crystalline earth was held thirty years ago by some petrologists. But 
there is manifest difficulty in accounting for the pockets, whether as 
residuals of a planet once liquid, as locally developed eutectic solutions, 
or as local, radiothermal fusions. An increasing number of petrologists 
and geologists prefer the postulate that the erupted basalts originated in 
a world-circling, vitreous substratum. 

Although not to be directly verified, this hypothesis has the advantage 
of explaining petrological and geodynamical facts more simply than any 
other yet published. 

(1) In the first place, it enables us to understand why lava rises so 
high. The density relations expressed in Tables I and II are such that, 
if the crust is opened by a through-going fissure, the dead weight of the 
crust would tend to push up the substratum material at volcanic pipes 
to heights approximately four kilometers above sealevel. 

(2) The hypothesis automatically accounts for the latent heat of the 


erupted, fluid basalts. 
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(3) Rising from a minimum depth of 60 kilometers, the basaltic liquid 
should be superheated. In fact, the plateau-basalts, even after prolonged 
running and rapid radiation under the air, are still liquid to a degree ap- 
parently impossible if the flows started without superheat. If not super- 
heated, could thin basaltic (diabasic, gabbroid) sills spread underground 
in their astonishing way? 

(4) Without exception known to me, the earth’s crust is basined where 
large volumes of basaltic magma were erupted at or near the surface, in 
the form of basaltic plateaus, or major cones (exogenous domes), or lopo- 
liths. The diameters of such structural basins measure hundreds of kilo- 
meters, a size suggesting that each erupted mass was transferred from a 
single, continuous earth-shell. 

(5) The hypothesis seems to be the most adequate as a basis for deriv- 
ing the origin of the 700 other species of post-Archean igneous rocks. 
Endowed with both latent heat and superheat, the erupted basaltic liquid 
is capable of melting and assimilating crust rocks, and these reactions, 
followed by differentiation of the syntectics, account for many of the non- 
basaltic species. On a particularly grand scale are the expected reactions 
and differentiations if large masses of the crust are thrust into, or founder 
in, the vitreous substratum. 

The development of batholiths in orogenic belts was one of the earliest 
discoveries of earth science, and since Hutton’s time has been accepted 
as proof of major, vertical displacement of melted rock. Why most 
batholiths are acid, granitic, is still a mooted question, but the best answer 
seems to be suggested by the twentieth-century proofs of extensive horizon- 
tal displacement of solid crust rocks towards each of the orogenic belts. 
This displacement is indicated by the arcuate ground-plans of the com- 
pleted mountain-structures, by the nappe phenomena, and by the juxta- 
position of geosynclinal facies originally distant from each other. Whether 
due to the earth’s contraction or to the forceful, horizontal migration of 
independent blocks of continental size, each displacement involves an 
enormous addition of the solid material of the crust to the corresponding 
geosynclinal belt. The old view that this material or its equivalent 
volume of rock was locally piled up in excess on the earth’s body, imme- 
diately giving each mountain-structure height to match, seems not to be 
in accord with the facts, for several young chains of mountains are still 
largely submarine, and others, somewhat older, attained their actual 
heights long after folding and thrusting had ceased. There appears to 
be only one alternative: The excess crust-material sank into the earth’s 
body at about equal pace with the orogenic paroxysm. In other words, 
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the horizontal displacement of crust rock foward the geosynclinal belt 
was accompanied by vertical, downward displacement of crust rock in 
the belt. Such subsidence must be by downthrusting or downpulling, with 
the development of deep mountain roots; or by foundering of large 
pieces of the crust; or by both processes. If the material beneath the 
crust were crystalline and denser than the crust, neither downthrusting 
nor foundering on the required scale would be possible. Both are pos- 
sible if the outer earth-shells are constituted as shown in Tables I and IT. 

Furthermore, it is worth noting that continental migration through 
the distances credited by Argand, du Toit, Heim, Holmes, Staub, and 
Taylor, and-even the horizontal displacements of the crust credited by 
Kober, who retains the contraction theory of mountain-building, are 
alike incredible unless the crust at each orogenic belt can sink deeply into 


a subcrustal layer.’® 


BELT OF REGION OF 
FORELAND” NAPPES “ROOTS” HINTERLAND 


Ficure 5.—Diagrammatic section to illustrate major Stoping and one 
mode of Mountain-making 


Hence, without assuming great weakness for this layer and also for 
it a density no greater than the mean density of the crust, both the con- 
tractionist and the migrationist are in trouble. Both are in still more 
trouble if they assume the horizontal displacement of crust rock to de- 
pend upon the horizontal scission, shearing, of strong crystalline rock 
from strong crystalline rock through the long distances and over the wide 
areas demanded. On the other hand, the resistance to such displacement 
is incomparably less if the crust moves over hot glass with the expected, 
little or no strength. 

Figure 5 is a section illustrating one way by which the crystalline crust 
(stippled) yields at the geosynclinal prism (left blank) in order to allow 
strong horizontal displacement over the substratum (solid black).2° In 


19 See especially L. Kober, Das Alpine Europa, Berlin, 1931, pp. 13, 279. 
2° Compare Figs. 166 and 169 in R. A. Daly's “Our Mobile Earth,” New York, 1926, p. 
269 ff. 
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part, the mountain roots are due to downwarping of Sial and crystallized 
Sima; in part, the local crust is broken into huge blocks, which founder 
in the substratum. This process may be called major stoping, to distin- 
guish it from the ordinary piecemeal stoping at batholithic contacts. 
Major stoping means the local invasion of the crust by extraordinarily 
great volumes of substratum material, which at the higher levels loses 
much of its viscosity and becomes more typically magmatic basalt. Thus 
we have abyssal injection of the crust and that at maximum. 

The foundered blocks and the deeply sunken roots of the new mountains 
are heated by the substratum, in which the temperature increases down- 
ward from about 1,300 degrees to a higher temperature, fixed by the 
thermal gradient (perhaps in average as much as 10 degrees per kilo- 
meter of descent). There the immersed crystallines are selectively fused. 
The first of the secondary liquids melted out of the basic rocks are derived 
from the minerals that go into mutual solution at comparatively low tem- 
peratures. Sialic rocks will undergo this pure-melting at temperatures 
well below even the lowest temperature of the substratum. On account 
of viscosity, true abyssal assimilation will be subordinate to pure-melting, 
but is also to be considered. All derived liquids are less dense than the 
basalt of the main abyssal injections and rise through it, to invade the 
mountain roots, which already inclose chilled, solidified apophyses from 
the basalt. These more salic bodies, due to the self-cleansing of the 
primary basalt, are bottomless in the sense of lacking floors of crystallized 
rock. For them the name major abyssoliths (Greek, abyssos, bottomless) 
is proposed. 

Thus, one important class of batholiths is speculatively explained, 
though in my opinion the word, “batholith,” should be defined without 
reference to its mode of emplacement. 

The imagined mechanism implies that the magmas invading the moun- 
tain structure during the prolonged petrogenetic cycle should be in the 
general eruptive sequence from basic to acid—the order actually observed. 
It involves also the important principle of reswrgency; that is, the rise 
of both liquids and gases that had belonged to the now melted and assimi- 
lated parts of Sial and Sima.** 

In comparison with basalt, acid rock shows a greater volume change 
in melting and almost certainly has a smaller latent heat. Hence, if pure- 
melting of Sialic rock takes place at the substratum levels, and if the re- 


21 An illustration of the way in which the idea of resurgency is making progress, even 
among the economic geologists, is given in “Chemische Geologie’ (Stuttgart, 1927) by 
F. Behrend and G. Berg, pp. 24-27, 171, 195, 198, 205. 
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sulting liquid rises high into the mountain roots, it must be superheated 
considerably more than the primary basalt, risen to the same high levels. 
Have we here a partial explanation of the “caustic,” replacing action of 
many batholiths on the intruded formations? I ask this even though we 
have so little field evidence of superheat in flows of rhyolitic lava. 

Syntexis (pure-melting plus assimilation) is, then, supposed to be 
largely concentrated in the substratum itself, but should be expected also 
at all higher levels within the masses of primary liquid injected into the 
crust. Sediments as well as older igneous rocks will be so affected. 

The suggested scheme implies a genetic classification of nearly all the 
igneous rocks. This is summarized in Table VI. 


TasLe VI.—Genetic Classification of Magmas and Rocks 


Magma Representative Rocks 
1. Primary basaltic................. Plateau-basalt; many diabases, gabbros 
Primitive felsic roc 8, complementary 
to basaltic substratum. 
3. Anatectic-granitic................ Archean granites, pegmatites, 
aplites 
4. Differentiates of primary basalt. ...| Some ores, peridotites, anorthosites 
5. Pure-melts of crust rocks, at depth .| Some granites, granodiorites, etc. 
6. Products of gas-fluxing............ Some lavas at volcanoes of the central 
type 
7. Differentiates of pure-melts........ Some granites, grandiorites, etc. 
8. Hybrids of basaltic liquid with: 
A. Sialic crystalline rocks.......... Some diorites, etc. 
Hybrids 


C. Sialic crystallines and sediments. .| Hybrids 
9. Differentiates of hybrids, class A...| Some granites, etc. 


10.  B...| Some abnormal granites; some felds- 
pathoidal rocks, etc. 
ai. “ C...}| Some syenites, ete. 
12. Hybrids with magmas more acid 
Types analogous to those under 8 
13. Differentiates of class 12........... Types analogous to those under 9-11 
14. Transition magma marking incom- 
plete differentiation.............. Intermediate species in part 


15. Mixtures of two or more liquids of 


One group of rocks—the kimberlites and the analogous mica perido- 
tites—are not clearly referable to any genetic group listed in Table VI. 
Do these peculiar types represent eruptions from an ultrabasic earth- 
shell, temporarily displacing basalt at the base of the crust and so capable 
of rising to, or near to, the earth’s surface? Are the densities of vitreous 
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basalt and vitreous peridotite so nearly similar that convection could 
bring about this temporary, abnormal condition of the outer earth-shells ?°* 


SOME OBJECTIONS 


Finally, a word about certain arguments against the crust-substratum 
hypothesis. That supposed to derive from the high velocities of earth- 
quake waves below the 60-kilometer level, has lost a good deal of its force 
since Bridgman measured the compressibility of tachylite. The objec- 
tion that the hypothesis implies danger of general catastrophic foundering 
of the crust fails to recognize the strength of the crust as ample security 
against that danger. Jeffreys, Joly, Richardson, and Kirsch are others 
who agree with this judgment.** Foundering occurs only where the crust 
rocks are wholly immersed in the substratum, but immersion is difficult 
and needs the coarse brecciation of the crust at orogenic belts. 

The repeated objection founded upon the high rigidity of the outer 
shells is likewise fallacious. The actual rigidity is relative to the small- 
ness and periodic character of the stresses set up by the passage of earth- 
quake waves, the wave of the body tide, and by the elastic reaction of the 
globe to the Eulerian nutation. The stresses persist for limited times 
because of the earth’s viscosity, a quantity all the greater because the 
stresses are small, as Adams and Williamson found when experimenting 
on hot glass.** In any case, the proof of rigidity gives no information 
about strength, so that there is no evident ground here for doubting the 
vitreous state of the basaltic substratum and the shells lying between it 
and the iron core. 

CONCLUSION 


We have briefly surveyed an old problem, weighted, as few others are, 
with fundamental meaning for geology. A problem it will long remain. 
Cosmogonic theory, seismological results, study of thermal gradients and 
of isostatic adjustment, like the multitude of facts of tectonics and petrol- 
ogy, all seem to support a thesis: our planet is still too hot to crystallize 
at any depth greater than about 80 kilometers, or 50 miles. But the 


22Cf. A. Holmes and H. F, Harwood: Quart. Jour. Geol. Soc. London, vol. 88, 1932, 
p. 431. According to Deville, olivine glass has almost the same density as basalt glass. 
An experimental check on this conclusion is much needed. Meantime one’s thought has 
some guidance in the fact that diopside, enstatite, and augite all expand nearly twice 
as much as diabase expands, when these materials melt. 

2H, Jeffreys: Gerlands Beitr. zur Geophysik, vol. 18, 1927, p. 12. J. Joly: The Sur- 
face-History of the Earth, Oxford, 1925, p. 106. W. A. Richardson: Geol. Mag., vol. 60, 
1923, p. 127. G. Kirsch: Handbuch der Exper. Physik, vol. 25, Teil 2, 1931, p. 50. 

%L, H. Adams and E. D, Williamson: Jour. Franklin Inst., vol. 190, 1920, pp. 619, 631. 
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support is not proof, nor is any theory of the earth to be absolutely demon- 
strated. As usual in the leading questions of science, we are pragmatists 
and search for the theory that works best. The thin-crust theory appears 
to work best. Yet the chief reason for putting it in the foreground is 
the fact that it can guide to fruitful research in the future. As never 
before, the geologist realizes the meaning of the ancient maxim, “deep 
calleth unto deep,” the need of seeking in the shells and the core of the 
earth explanation for the dramatic changes registered in its relief and 
visible rocks.” 


2% A detailed discussion of the subject of this address is included in the writer’s “Igneous 
Rocks and the Depths of the Earth.” McGraw-Hill Book Company, New York (in press). 
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HistoricaL BACKGROUND 


The address given annually by the retiring president of our Society has 
usually been the occasion for the presentation of new discoveries, or for 
philosophic deductions or observations on the broader phases of paleon- 
tology and stratigraphy. In these times of economic storm and stress, 
however, it seems more appropriate that I should take stock of the 
progress of our science, briefly review the past, and consider the present, 
so that we may plan and build more firmly for the future, and it is par- 
ticularly desirable that someone should call attention not only to our 
opportunities but to certain of our failings. I have restricted my re- 
marks to invertebrate paleontology because of my greater familiarity with 
that division of the subject. My topics are matters well known to us all; 
indeed, perhaps so familiar that we do not always accord them proper 
attention in our work, and so I venture to recall them to you in the 
interest of better results in our science. 

American invertebrate paleontology set the standard for the world 
during the latter half of the nineteenth century. With all our resources 
and superior opportunities for publication, is this the case today? And, 
if not, why not? 
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Paleontology had its beginnings in America in Colonial times and the 
early days of the Republic, when mastodon bones were frequently dis- 
covered and described as remains of the gigantic men lost in the Noachian 
deluge. Thus, Cotton Mather, in 1714, in describing fossil elephant bones 
and teeth, identified them as relics of the antediluvian giants of the 
Scriptures. The work of our paleontologist-statesman, Thomas Jefferson, 
on the Great Claw or Megalonyz, read in 1797, is classic ; and his continued 
studies of vertebrate paleontology after his election to the presidency, with 
the conversion of a part of the White House into a paleontological mu- 
seum, are known to us all. These striking extinct vertebrate remains had 
greatest significance for students of zoology and evolution, and their 
study was usually pursued along these lines. It was not astonishing, 
therefore, that the paleontology of invertebrate animals and plants, fos- 
sils less conspicuous but more interwoven with the science of stratigraphy, 
did not commence until a later date. 

Until 1820, American geology was generally dominated by the Werne- 
rian ideas of William Maclure, although in 1818 Amos Eaton had published 
his “Index to the Geology of the Northern States” which, although still 
tinged with Wernerism, contained the first definite attempt to arrange the 
geological strata of North America in logical order. Here in the red sand- 
stones of the Catskills, Eaton noted a fossil plant, identifying it as a 
petrified root of the common laurel. Long before this, however, in 1752, 
Jean Etienne Guettard had examined a collection of fossils from Canada 
and endeavored to establish a subdivision of the rocks, based on them, thus 
being one of the first men to recognize geology as an historical science. 

The decade in American geology which began in 1820 was, as George P. 
Merrill points out in his valuable volume, “The First One Hundred Years 
of American Geology,” noted for the first systematic effort in America to 
correlate strata by fossils. This decade was dominated by and named 
after Amos Eaton, the most prominent worker of the time. In the second 
edition of his index, Eaton took up the subject of fossils, classifying them 
as petrifactions and conservations. The latter were fossils still composed 
of the same material as the living organisms, while the petrifactions were 
relics made up of mineral matter which had run into the place occupied 
by the body before it decayed. The nomenclature of fossils was a simple 
matter at that time, and Eaton classified all organic remains under nine 
genera. For example, all fishes belonged, according to him, to the genus 
Ichthyolites, and all shells to Concholites. It was Thomas Nuttall, in the 
account of his travels in the Great Lakes region published in 1820, who 
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made the first serious attempt to correlate the rocks of North America by 
means of invertebrate fossils. Nuttall antedates by fifteen years similar 
efforts by Morton on the Tertiary of the Atlantic Coastal Plain, and by 
a longer time the researches of James Hall and other New York geologists. 
Shortly after Nuttall’s work, there appeared some of the earliest descrip- 
tions of species of American invertebrate fossils. Among these were 
those published by John J. Bigsby, a surgeon of the British Army, who 
was stationed in Canada. 

So much of the work of the next fifty years of American geology and 
paleontology, beginning in 1830, was done by the state geological surveys 
that Dr. Merrill has appropriately named it “The Era of State Surveys.” 
Early in this era Maclure and Eaton were still active, but there soon rose 
to prominence such paleontologists as Timothy A. Conrad and James 
Hall. Systematic paleontological research upon the Tertiary shells of 
North America commenced with Conrad’s first work upon the subject in 
1832. With the inauguration of the Geological Survey of New York in 
1836, and the appointment of James Hall as a member, Paleozoic in- 
vertebrate paleontology came into its own, and the great series of New 
York paleontologic volumes was inaugurated. In succession other states 
initiated surveys, many of them devoting at least a part of their publica- 
tions to paleontology. Ohio, Illinois, and Minnesota are conspicuous ex- 
amples of states which added especially noteworthy contributions to in- 
vertebrate paleontology. Then, in the middle of the century, Elkanah 
Billings was appointed on the Geological Survey of Canada under Sir 
William Logan, and for two decades he did excellent work upon the 
Paleozoic invertebrate fossils of that country. 

The latter half of the Era of State Surveys was conspicuous for various 
exploring expeditions to the West, which resulted especially in important 
additions to our knowledge of post-Paleozoic fossils. The Civil War 
brought forth men of great physical and moral courage for these expedi- 
tions. The West was now beckoning, and Congress was willing to appro- 
priate funds for its exploration. At first military in their nature, these 
expeditions soon added geographic explorations to the scope of their work. 
Then military, geographic, and geologic aims were combined, and finally 
geological and natural history researches became the prime objects of 
these endeavors. Hayden’s “Geological Survey of the Territories,” King’s 
“Geological Survey of the 40th Parallel,” Powell’s “Survey of the Rocky 
Mountain Region,” and Wheeler’s “Survey west of the 100th Meridian” are 
well known. Meek was the outstanding paleontologist of these surveys, 
although not officially connected with any of them. He early became 
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associated with Hayden, and continued to study the fossils collected by the 
territorial surveys until after Hayden’s death. Arriving in Washington in 
1858, Meek had a room in the Smithsonian building where he lived and did 
all his work during the rest of his life. Had he possessed the energy of a 
Hall and been of a less retiring disposition, he undoubtedly would have 
become the outstanding paleontologist of this period. 

The territorial explorations culminated in 1879 in the founding of the 
United States Geological Survey, the greatest institution in the world’s 
history for the increase of geological knowledge. Under the Survey, 
invertebrate paleontology has been encouraged equally with vertebrate 
paleontology and paleobotany, and the many important memoirs by the 
paleontologist-director, Charles D. Walcott, and other members of the 
organization, as well as by others not on the staff, today form a most essen- 
tial part of every American paleontologist’s library. The twentieth cen- 
tury has seen a continuation of both national and state surveys, and an 
increasing appreciation of invertebrate paleontology. 

Students of invertebrate paleontology of the nineteenth century com- 
prised comparatively few professional men, recognized as the logical 
persons to describe fossil faunas, and a large number of amateur col- 
lectors, whose ambition it was to assemble a cabinet of fine specimens or 
describe a new species. An amateur would sometimes graduate’ into a 
professional ; first, by independent publication on a small scale; then, 
perhaps, by temporary work ona state survey, and finally through recogni- 
tion of his abilities by appointment to some permanent position on the na- 
tional survey or in some large museum or university. Thus did an 
Ulrich arise, and, indeed, most of the master minds of paleontology of 
the nineteenth century underwent such a training. College education 
had little, and in most cases nothing, to do with their training. The col- 
lecting instinct, coupled with energy and natural ability and a great love 
of nature, as well as environment, were largely, if not entirely, respon- 
sible for the work of these men. 

The twentieth century has produced the college bred paleontologist, 
and so far has seen a great decrease in the number of amateur collectors. 
Today, the student often attains his majority before discovering that he 
wishes to make paleontology his life work. Thereby he loses all the early 
years of training and interest that were formerly considered essential to 
success. In such cases, the science has often become a vocation, pure and 
simple, instead of an avocation pursued as a vocation. The automobile 
has done its part; for in these days of swift transportation few travelers 
have the time to stop and search the dusty outcrops for fossils, if indeed 
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they can even see them as they speed along. In the mad rush of our 
machine age, fewer men are enjoying as amateur collectors the pleasures, 
simple perhaps, but all the more pleasant, of the discovery and study of 
interesting fossils. It is true that there are more professional paleontolo- 
gists and more research work is produced, but there are fewer paleontolo- 
gies of New York or Minnesota published. 


FIELD OF THE PALEONTOLOGIST 


While the science of paleontology is, strictly speaking, concerned only 
with the study of organisms existing previous to the present time, the 
successful paleontologist of today must have a broad training in other 
branches of geology. As a rule, the early American paleontologists were 
paleobiologists ; that is, describers of species. They did include in their 
descriptions the general horizon and locality of the species, but the 
stratigraphy of the area supplying the fossils was seldom considered. 
With increasing knowledge, a record of the precise locality and exact 
stratigraphic horizon became so necessary that in order to obtain this 
detailed information for many of the described species, additional re- 
search was required. This led to faunal studies by zones, in consequence 


of which the paleontologist had either to become a student of stratigraphy — 


or to depend upon the work of others who often had little paleontologic 
knowledge. Thus, the paleobiologist developed into the stratigraphic 
paleontologist. Stratigraphy is practically impossible without fossil evi- 
dence, for the law of the order of superposition upon which it is based, 
breaks down in the absence of fossils. 

Close stratigraphic work, accompanied by faunal studies, showed 
why areas of apparently continuous deposition, such as the Cincinnatian 
limestones and shales of the Ohio Valley, did not exhibit an unbroken 
story of the evolution of their contained life. The reason was plain 
when it was learned through stratigraphic studies and mapping that en- 
tire formations, well developed elsewhere, were absent in the Ohio Valley, 
or were represented there only by overlapping feather edges. Then still 
another factor was introduced when it was discovered that the faunas of 
the past originated in definite oceanic basins, and were as characteristic 
of them as are modern faunas of the present oceans. The geographic dis- 
tribution and change of thickness of the formations and the composition 
of their contained faunas gave the clues to their ocean origin, and by such 
means the Arctic and Gulf faunas of the Paleozoic were discovered to 
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differ as greatly—yes, even more than the corresponding ones of the 
present time. 

The distribution of the strata with these faunas of various origin in- 
dicated that the continent was invaded repeatedly by different oceans, 
more or less regularly or in a rhythmic manner, an Arctic invasion, for 
example, being followed by a flooding of Gulf waters, and then an Atlantic 
submersion by a Pacific one. It is no wonder that continuous evolution 
could not be discovered with such breaks in the record; indeed, it is 
probable that the record of the evolution of life under such conditions 
can be worked out only by a study of the successive, although interrupted, 
invasions from the same sea. Furthermore, the principles of sedimenta- 
tion must enter into the work of the paleontologist, and the ecologic con- 
ditions of the time should also receive his attention. The subject has 
now become so complicated from the taxonomic side, particularly by the 
introduction of so many names for the same species, that a legal training 
is almost a necessity if one is to solve some of the questions arising in 
nomenclatorial problems. 

Structural geology, also, is the province of the paleontologist, for the 
fossils tell the story of faults and similar phenomena most accurately. 
In economic geology the work of the paleontologist has been particularly 
exemplified in the relation of micropaleontology to the oil industry, but 
it should also be remembered that fossils are often an important aid in 
the discovery and determination of the origin of certain metallic ores. 
The species-maker, therefore, of several decades ago has now changed into 
a geologist with training in many diverse branches of the science, if he 
has evolved with the progress of paleontology. This increase in the 
magnitude of the field is brought out in the records of the Geological So- 
ciety of America, where at the end of 1931, 155 of the 607 Fellows were 
Fellows of the Paleontological Society, which latter society itself has a 
total membership of 425. 

With such a broad field of endeavor, it is evident that the individual 
paleontologist must devote a large amount of time to the study of the vast 
literature and the preparation of bibliographies on his special subjects 
unless, by concerted action, such aids and timesavers can be completed 
for the benefit of all, once for all. A good beginning along such lines 
has been made for invertebrate paleontology in America, and in the fol- 
lowing pages I present a brief outline of the results achieved so far, with 
suggestions for future work in this and other subjects, of much value to 
all, but of greatest value to the beginner in the science. 
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The technique of the preparation of fossils is now available to every- 
one with the publication of the volume entitled “Paleontologisches 
Prakticum,” written by O. Seitz, the invertebrate paleontologist, and W. 
Gothan, the paleobotanist, both of the Prussian Geological Survey. This 
book has been translated into English by B. F. Howell, and it is hoped 
that it may be published in America in the near future. The American 
edition is expected to be greatly enlarged by the inclusion of information 
on the technique of a wider field, and chapters by specialists on the 
methods of study of their own particular groups. 


BisLioGRAPHIC AIDS 


GENERAL STATEMENT 


The student of North American paleontology is fortunate in having 
the literature very completely listed and indexed in the splendid set of 
volumes, the “Bibliography of North American Geology,” by John M. 
Nickles, and by the earlier work of Darton and Weeks published by the 
United States Geological Survey. When his researches embrace foreign 
publications—and no problem should disregard the literature of other 
countries—his troubles begin, for there is no work abroad comparable to 
that of Nickles. Few of our paleontologists, however, have realized that 
there are certain general bibliographies useful in this connection, and 
American invertebrate paleontology particularly has suffered from a lack 
of study and comparison of the little known, foreign literature. To remedy 
this the Paleontological Society printed, in 1930, in volume 41, Bulletin 
of the Geological Society of America, a list of general bibliographies of 
foreign paleontological literature, with valuable remarks and comments 
as to their contents, compiled by Ignatius McGuire, of Princeton Univer- 
sity. 

McGuire’s entire list deserves repetition, but in it there are certain 
works which are indispensable to the serious student, and for that reason 
I am now repeating them. First, there are the catalogues of scientific 
and other papers and books in the libraries of various societies in London, 
which should be thoroughly searched when one is working up the biliogra- 
phy of his subject. Among these the “Catalogue of Scientific Papers,” 
published by the Royal Society of London, is most useful, as is also the 
“Catalogue of the Library of the British Museum” (Natural History), 
where bibliographic information of all kinds is included. Almost equally 
helpful are the catalogues of the Geological Society of London, the Lin- 
nean Society of London, the Royal Geographical Society of London, and 
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the Zoological Society of London. Then, for more detailed references to 

paleontologic literature, abstracts, and lists of species and genera, the 

following works must be consulted. 

International Catalogue of Scientific Literature. Paleontology. 1901. May, 
1916. 14 volumes published by the Royal Society of London. 

Zoological Record. Volume 1, 1864, to date published by the Zoological Society 
of London. 

Concilium Bibliographicum Index Universalis. Published on cards by the 
Bibliographic Council, Zurich. 

Biological Abstracts. Commenced with literature of 1926. Published at 
Philadelphia, Pa. 

Geologisches Zentralblatt. Volume 1, 1901, to date. Leipzig. 

Neues Jahrbuch fiir Mineralogie, Geologie und Paleontologie. Stuttgart. 


One of the most important steps forward in paleontology in recent 
years has been the establishment of the Paleontologisches Zentralblatt, the 
first abstract journal devoted entirely to our science, the first issue of 
which appeared in March, 1932, under the editorship of O. H. Schinde- 
wolf. With proper encouragement, this journal will insure the prompt 
publication of abstracts of the paleontological papers of the entire world. 
Such encouragement has begun, for arrangements have been concluded 
whereby Dr. Schramm, editor-in-chief of Biological Abstracts, will ex- 
change abstracts with Dr. Schindewolf, with resulting mutual advantage 
to the journals they represent and for the greater benefit of paleontology 
throughout the world. It is to be hoped that eventually the geologic 
literature of the world outside of North America can be published in a 
form comparable to the Nickles’ bibliographies, and I can think of no 
undertaking which would benefit a greater number of students in our 
science. 

BIBLIOGRAPHIC INDICES 


Systematic paleontology is now so burdened with synonyms or incor- 
rect identifications that one must spend a large percentage of his time on 
the literature in working up the correct bibliographies of his species. As 
many paleontologists do not have access to large libraries, this part of 
their study must be neglected, with the result that there is necessarily 
a tendency to increase the synonymy. The need for complete synonymic 
bibliographies of invertebrate fossils is, therefore, very evident, and I am 
happy to say that materials are in hand for publishing those dealing with 
North America as soon as printing funds become available. The Cam- 
brian bibliography by C. E. Resser is practically up to date. The Ozar- 
kian, Canadian, Ordovician, and Silurian systems have been kept up to 
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date by myself since 1915, when my bibliographic “Index of American 
Ordovician and Silurian Fossils” was published. The Devonian species 
are kept well in hand by E. M. Kindle and his associates, and the remain- 
ing part of the Paleozoic is being cared for by Marvin Weller and G. H. 
Girty, each having an extensive catalogue of Carboniferous invertebrates. 
In the Mesozoic, Boyle’s catalogue brings the literature of invertebrates 
up to 1892, and Whitney’s work carries it to 1918. The literature since 
that date has been catalogued and is available in the files of the United 
States Geological Survey. Likewise, a catalogue of Cenozoic species for 
North America, commenced by W. H. Dall and continued by his suc- 
cessors, is available to students at the United States Geological Survey. 
With a little encouragement all these bibliographies could be quickly 
prepared for publication, and one of the bugbears of paleontological sci- 
ence could be removed forever. Unfortunately, most of these works cover 
only the Americas, and similar volumes must yet be produced for the 
rest of the world. 

The literature of paleontology has become so enormous that it is almost 
impossible even for specialists in restricted fields to assemble compre- 
hensive libraries covering their subjects. This condition will, no doubt, 
lead ultimately to the preparation of illustrated card catalogues of spe- 
cies, if progress in systematic paleontology is not to be retarded. E. M. 
Kindle has offered a plan for publishing an illustrated catalogue with 
revised descriptions and other information of the Devonian fossils of 
North America, which is so feasible and also so reasonable in cost to the 
subscriber that he deserves all possible encouragement. Our Society has 
gone on record as approving not only his proposal but also one to extend 
it to the fossils of the other systems of the American Paleozoic. Such 
projects can not succeed without the hearty cooperation of our member- 
ship, and it is hoped that all who are able will contribute to this work 
as a labor of love. 

Another urgent need of our science is the publication of up-to-date 
systematic classifications and keys covering the various groups of in- 
vertebrate fossils. These should include lists of the literature and reviews 
of the classification with generic descriptions, as well as a general sum- 
mation of past work, so that the modern student will have a firm basis 
for research work and will not be required to lose so much effort indi- 
vidually in compiling such data. Such a publication is a great stimulus 
to workers already engaged in the field involved, and frequently leads 
others to take up such studies. This is well illustrated in the case of the 
conodonts, the toothlike structures now believed to be the teeth of primi- 
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tive Paleozoic fishes or some still simpler chordates. These had been 
neglected for several decades in both Europe and America until, in 1926, 
a review of the subject and a classification with generic descriptions and 
illustrations appeared, which apparently aroused such interest that a 
number of students are now specializing in this group and publishing 
excellent articles. A similar article on the classification of Paleozoic 
Ostracoda, published in 1923, may have aided in stimulating the many 
students who have taken up the study of this group since that date. Cer- 
tainly the most striking development in invertebrate paleontology in 
recent years has been the growth of micropaleontology, and especially the 
study of the foraminifera, ostracods, and conodonts. 


DESCRIPTION AND ILLUSTRATION OF FOSSILS 


After the bibliographic references have been studied and the species 
identified with previously described forms or determined as new, next 
in order comes the matter of description and illustration. The relative 
value of these two items has been reversed, in my opinion, almost invari- 
ably in the past. Usually, following the cumbersome methods of some 
of the earlier paleontologists, the species has been described in the great- 
est detail according to a formula, but illustrated very inadequately. Pos- 
sibly it has been believed that illustration should give merely the general 
idea of the fossil, leaving the specific characters to be furnished by the 
description. Page after page devoted to the description of a single 
species, embodying a detailed account of the generic characters and even 
of the family, as has often been done in the past, is, in my mind, not only 
useless, but very wasteful. Few of us ever wade through these ponderous 
descriptions, but many go immediately to the illustration for identifica- 
tion. It seems to me that more effort should be expended in the prepa- 
ration of adequate, as well as correct, illustrations, and that the specific 
description should, whenever possible, be limited to measurements and 
a few lines of succinct characterization and comparison with some well- 
known species of the same genus which has been more fully described. 

In the matter of illustration our science has gone through a series of 
interesting phases. The early workers most often employed free-hand 
drawings, made by themselves or by some artist who knew little, if any- 
thing, of paleontology. Then came a period of larger monographs, such as 
those of D’Orbigny in France, when the author made free-hand sketches 
of the object, and the artist converted these into schematic drawings. The 
many plates of bryozoa, ostracoda, and foraminifera published at that time 
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suffered because of such drawings, for the illustrations are so diagram- 
matic that many of the species can not be accurately identified, and so 
require refiguring. A great advance was made in the plates of the New 
York Survey, when more exact methods were used in making the draw- 
ings. Many of the Hall types still retain the lead pencil cross-marks 
which divided the fossil into quarters, each of which could thus be drawn 
to more accurate scale. In the hands of competent artists, this was, by far, 
the most satisfactory method of illustration, and gave pleasing results, 
as the New York volumes fully attest. However, this method was unduly 
expensive, and as a result, retouched photographs came into use, especially 
in the publications of the United States Geological Survey. This method 
was undoubtedly the best, when the retouching was done by the student 
himself, who understood the characters which should be emphasized or 
reduced. Here again a nonscientific artist can ruin the best of photo- 
graphs, and so, within comparatively recent years, some museums and 
surveys have required unretouched photographs to accompany publica- 
tions. In most cases, this has led to deplorable results, because the im- 
perfections of the specimen invariably photograph more distinctly than 
the specific characters. Certain plates of recent publications are so bad 
in this respect that even the originals of the photographs can not be 
matched with the illustrations themselves. 

In this connection, for the promotion of better illustrations, I should 
call attention to the use of the whitening process in photographing fos- 
sils, the details of which have been published in several works on micro- 
paleontology. It will be remembered that by the use of an apparatus 
whereby the fumes of strong hydrochloric acid and ammonium hydrox- 
ide could be combined by blowing through tubes, there resulted the 
white sublimate of ammonium chloride. This, when directed against the 
fossil, condenses as an ivory white coating which gives to the specimen 
the even tone necessary for the best results in photography. The objection 
has been made that this coating obscures the structure or becomes granu- 
lar, and thus gives a wrong impression in the photograph. However, this 
is a matter of technique, for if,the tubes are kept dry and the sublimate 
not applied too strenuously, a bluish white, often scarcely visible, and 
absolutely smooth coating, which will show no structure even under a 
magnification of 25 diameters, will form on the fossil. I have photographed 
thousands of specimens of glassy bryozoans and ostracods at such an en- 
largement, with more success in the matter of exhibiting specific details 
than can be had in any other way. Indeed, in my studies I keep the 
whitening apparatus constantly at hand for use in bringing out the details 
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of poorly preserved specimens or for material requiring special attention. 
By this method, the specific details upon certain vitreous organisms, such 
as foraminifera, ostracods, bryozoans, and corals, flash into plain view 
when gently and carefully whitened. By this process, also, the varying 
colors in the rock, which make accurate photography difficult, are elimi- 
nated, and the high lights and shadows are correctly distributed. In re- 
touching such photographs, the specific details are so well shown that 
almost all that is necessary is to strengthen the outline and perhaps in- 
tensify a few shadows here and there. 

The economic and artistic preparation of plates is another subject to 
which most American paleontologists could well direct more of their 
efforts. Considered from the standpoint of economy, it is well to realize 
that routing a plate—cutting out, with an engraver’s tool, all the super- 
fluous background, and inserting the numbers of the illustrations in clear 
cut figures—adds a further expense of at least 60 per cent to the cost 
of the plate. Any method to eliminate this unnecessary cost is desirable. 
Mounting the illustration upon a black background and using white 
numbers makes a most artistic half-tone plate, as evidenced by the recent 
publications of Cushman. No routing is necessary in such cases, and the 
background becomes still blacker because the screen, employed in photog- 
raphy for the half-tone, does not register but leaves the background a solid 
black. Another method to eliminate the cost of routing is to paste the 
illustrations, carefully trimmed to their edges, upon a white cardboard 
plate, and ink in the numbers. In this case, the background will emerge 
as slightly shaded but not unpleasing to the eye. Here it should be noted 
that a photograph under reproduction by half-tone loses at least one- 
fifth of its original contrast, so that the originals should have a slightly 
darker shade than the one desired in the final prints. 

Much space is lost by the improper arrangement of figures on the plate, 
and as a result, a corresponding amount of money is wasted. In many 
cases, also, the figures are arranged inartistically, and the plate is often 
so unbalanced as to hurt the eve, at least of the artist. Since in most of 
our publications the author prepares and arranges his own plates, and 
there is no further check upon it from the editor or publisher, it is desir- 
able that all of us should study some standard form. For this purpose, 
the paleontological publications of the United States Geological Survey 
are recommended. Excellent suggestions for the preparation of paleon- 
tologic illustrations are given in an article by J. B. Reeside, Jr., published 


in 1930, in volume 4 of the Journal of Paleontology. 
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The scope of paleontology has increased so tremendously that a clear- 
ing house is now just as much of a necessity as in commercial fields. The 
Paleontological Society has recognized this need, and the Service Com- 
mittee is acting as such a clearing house for the paleontologists of North 
America. The breadth of its field will be noted from the following. 
Paleontologists wishing to sell or purchase fossils, or exchange them, are 
put in touch with each other. Those wishing new positions have been 
placed in contact with institutions where there was an opening or a 
possibility of one. The committee has prepared an up-to-date list of 
the paleontologists of the world, which is at the command of American 
students, and has proven very useful to them. This list contains infor- 
mation concerning the field of research of most paleontologists, and every 
effort is made to keep this information up-to-date. American paleontolo- 
gists have been assisted in securing photostat copies of rare publications 
of both Europe and America, and in obtaining copies of rare books and 
papers which they wish to purchase. The chairman of the committee has 
been called on for advice of all sorts, especially by young paleontologists. 
In the few years of its existence, this committee has shown that its service 
is of real value to the scientists, and that it is also necessary and fills a 
long desired need. 

The Secretary of our Society, under instructions from the Council, 
has assembled data for the purpose of considering the formation of an 
international paleontological union. In a report submitted at this meet- 
ing, he has indicated that there are at present some 2,200 active paleon- 
tologists, of whom somewhat more than 1,000 are primarily invertebrate 
paleontologists, with 400 of these classed as micropaleontologists. Of 
the 2,200 total, some 1,000 are residents of North America, nearly 900 
of them dwelling in the United States. With such a large number now 
working in the science, it is apparent that the time has arisen, when, by 
general agreement, research in paleontology should be put on a more 
systematic basis. Too often the subjects under study have been selected 
casually, and without any thought that someone else might have been 
better fitted or more suitably located to do the work. 

The majority of paleontologists today are engaged in museum work, 
on Federal or State geological surveys, in teaching at our universities, 
with industrial concerns, particularly oil companies, or as students fol- 
lowing the science as a hobby. Most of those attached to the large uni- 
versities and museums or government surveys have access to large libra- 
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ries. Such persons should feel it their duty to do more than their share 
of bibliographic work and the preparation of such lists and manuals 
as require a broad survey of the literature. In this same group, one 
should find the specialists on particular divisions of the animal and plant 
kingdoms, because it is there that the most extensive paleontological 
collections are found. Our Service Committee could, if so directed, use 
its good offices in forwarding such work. 

Another field in which there is much opportunity for research is the 
description of local faunas; i. e., study of the fauna of the particular 
formation or zones of a formation in a definite area. Hitherto, too many 
of our researches have been of a diverse nature, including species from 
widely separated horizons and localities, without any unifying purpose. 
Here is a field for the student following our science as an avocation, for 
intensive work on almost any local field in the United States is sure to 
bring forth good results. 

Dr. Kindle’s plan of publishing new descriptions and illustrations of 
described Devonian fossils, mentioned previously, if extended to the other 
Paleozoic systems, will require much time; so, in the meantime, no oppor- 
tunity should be lost to refigure little known or poorly illustrated species. 
A. F. Foerste has demonstrated the great value of such work in the case 
of the Paleozoic cephalopods, and his example can well be followed by 
students of other classes. On the other hand, it is sincerely hoped that 
the policy, followed by one of our leading organizations a few years ago, 
of rejecting all illustrations of previously described but unfigured species 
from one of their monographs, be judged as most detrimental to the 
science. In this particular case, a large part of the value of the resulting 
monograph was sacrificed in order to save the expense of a few plates, and 
undeserved criticism was called down upon the heads of contributors. 


SAFEKEEPING OF TYPE SPECIMENS 


With the increasing economic importance of invertebrate paleontology, 
the value and the necessity for careful preservation of type specimens have 
grown correspondingly in the minds of students. In the early days of 
the science, types were considered of no more importance than any other 
examples of the species, and I know of cases where they were sent out to 
collectors and institutions as so many duplicates. Again, they were 
placed in the general study series of university collections, where they 
were at the mercy of the students year after year, finally, of course, beecom- 
ing lost. Now, types are regarded of such importance that even their 
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classification has become complicated, and a considerable amount of liter- 
ature has been printed about this subject alone. Our Secretary, in 1929, 
Volume 40, Bulletin, Geological Society of America (pages 215-220), 
published an excellent résumé of the various kinds of type specimens and 
the methods for distinguishing them. Not so long ago, some paleontolo- 
gists were incited to the description of new species, partly to increase the 
value of their private collections by the types thus added to it. Certain of 
these collections have been lost entirely, but, fortunately, most of them 
have been purchased by the larger museums, and the types saved to science. 
To prevent such losses in the future, I suggest that all paleontologists, for 
the good of science, encourage the feeling that type specimens should be 
deposited safely in a well-endowed museum or university collection. I 
am glad to say that most of the micropaleontologists have felt thus with- 
out any urge whatever, and have placed their types in the large museums. 
Since the danger of loss by transit through the mail is great, most mu- 
seums hesitate to loan types; but this, instead of being an objection to 
the plan I am advocating, should be in its favor. Plaster of Paris or 
guttapercha casts of the macrofossils are so easily made, and almost as 
useful for purposes of study as the original types themselves, that they 
can be used for transit through the mail. 


CURRENT PROBLEMS OF INVERTEBRATE PALEONTOLOGY 


A review of the various groups of invertebrate fossils brings up some 
interesting features regarding what has been accomplished and what is 
still required. Certain classes have been studied in much detail, while 
in many others hardly a beginning has been made. Thus, in the Protozoa, 
the foraminifera, on account of their use in economic geology, have been 
the subject of many publications. With the study of the Paleozoic forms 
in the hands of Dunbar, Henbest, and others, the post-Paleozoic faunas 
under description by Cushman and Galloway and their associates, and 
the work of Vaughan on the larger Tertiary forms, the order is receiving 
deserved attention. The Radiolaria, on the contrary, have been so little 
studied in America that practically a new field of research is offered by 
them. These microfossils play such an important part in the composition 
of many siliceous rocks in Europe that it is unquestionably only a matter 
of effort and time before they will be found in equal abundance in Ameri- 
can strata. European students of Radiolaria have been numerous, and 
have discovered the remains of these animals at all horizons; indeed, it 
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has been stated that Radiolaria, occurring in Brittany in quartzites inter- 
bedded with pre-Cambrian schists, are the oldest known animal fossils. 

American fossil sponges also require much study, for now more than a 
generation has elapsed since an important work on them has been 
published. Walcott’s work on Middle Cambrian sponges, Ulrich’s and 
Everett’s on Ordovician forms, and Hall and Clarke’s upon Devonian 
glass sponges constitute the major publications. Much anatomical work 
is still necessary in this group, and abundant material is available in the 
Ordovician and Silurian of the Mississippi and Appalachian valleys. 
Post-Paleozoic sponges are comparatively rare in America in contrast with 
European deposits; hence, correspondingly little has been done or can be 
expected here. 

Excellent opportunities for research are presented by the Receptaculi- 
tidae, that curious group of sunflower-like, Paleozoic invertebrates, often 
found abundantly in Ordovician rocks. Their position and classification 
are as wholly conjectural as ever, and it is even possible that they are 
plants. 

Turning next to the coelenterates, it is astonishing how little work has 
been accomplished in America in the last three decades upon the Tetra- 
coralla. Abroad, the efforts of W. D. Lang and Stanley Smith in deter- 
mining the true nature of the types of many genera are most praise- 
worthy, but other students have added so many new genera on such a 
slight foundation that a great amount of reinvestigation must be con- 
cluded before progress can be made in the study of the Paleozoic corals. 
Again, certain students have published volumes upon the same coral 
faunas, without regard to the rules of nomenclature or reference to each 
other, so that synonyms abound. I refer particularly to the Middle 
Devonian corals of the Ohio Valley where Hall, Rominger, Greene, and 
Davis have named many species, with little attempt to recognize each 
other’s work. Mesozoic corals, long considered as almost nonexistent in 
our country, have had some attention. The Triassic forms have been 
discussed and received excellent study by Smith and Shimer during the 
past few years, and J. W. Wells is now studying our Cretaceous forms. 
Vaughan and others, working upon the Cenozoic corals, have kept this 
branch of the subject nearer up to date than the others. 

The systematic position of the Tabulata is as uncertain as ever, and 
interesting lines of research are offered by this suborder. 

Among the Hydrozoa, the stromatoporoids have received little attention 
since the studies of Parks, which ended about 1910. The imperfection 
of the internal structure of many of these so-called hydroid corals makes 
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their study especially difficult, but here the student must ever be on the 
lookout for specimens with the interior better preserved than usual. 
Devonian stromatoporas, so abundantly represented in the Mississippi 
Valley, are especially in need of study by modern methods. The grapto- 
lites, until recently classed at the end of the coelenterates but now referred 
to the bryozoa by Ulrich and Ruedemann, have always interested students 
more, in proportion to other groups, so that their study has been con- 
tinued more or less actively. The general faunas were supposed to be 
fairly well described, so the 1928 work of Cumings and Shrock, on the 
Niagaran of North Indiana, was a pleasant surprise and indication that 
the field still affords good opportunities. 

Discoveries of recognizable remains of fossil flat and thread worms 
are so rare that publication has usually kept pace with them. Walcott’s 
work on the annelids of the Middle Cambrian of British Columbia is evi- 
dence of the possibilities for research when the right conditions for 
preservation are found. The tubicolous annelids, with their calcareous 
tubes, afford many opportunities for research, while the annelid jaws, 
quite distinct from the conodonts, are known to occur in many formations 
from which no species has as yet been described. These annelid jaws 
are insoluble in weak acid, so that it is only a matter of technique to 
release from the solid limestones free examples for study. 

Throughout the Echinodermata, with the exception of certain echinoids 
and blastoids, entire examples are usually so rare that researches must 
wait upon their discovery. It is only special collections like the Springer 
collection at Washington, the result of the life work of many collectors, 
that can afford material for detailed study. However, opportunities for 
research in the Echinodermata are still available, as shown in the stimulat- 
ing paper on fossil Holothuroidea by Croneis and McCormack. This work 
contains not only descriptions and illustrations of many new species from 
rocks hitherto not supposed to contain them, but also all the information 
upon fossil and recent examples of these echinoderms, needed by subse- 
quent students. R. T. Jackson’s monograph on the Paleozoic echini, 
issued a generation ago, is not only a classic of American paleontology, 
but proved to be a stimulus to European students. In the Mesozoic 
and Cenozoic, there is need for revision and continuation of the work 
of Clark and Twitchell. 

In the Bryozoa, the post-Paleozoic forms in America have received per- 
haps more than their proportionate share of attention, but the Treposto- 
mata and Cryptostomata, restricted to the Paleozoic, require not only a 
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close study of many new faunas, but, I regret to say, most of the work 
of recent years is of such low grade, especially as regards illustration, 
that it must be done over. Illustration of the internal structure of such 
bryozoa by photographs of thin sections, instead of drawings, has been 
responsible for most of this poor work. Unfortunately, the lens of the 
camera does not eliminate, as does the human eye, the aspects produced 
by light rays passing through the calcite of the section, with the result 
that the internal structure of the fossil is either blurred or completely ob- 
scured. By proper manipulation of the light, good thin sections can be 
photographed successfully, but it is best in all such cases to bring out the 
structure by strengthening the essential features in the photograph with 
pencil or pen. Better still, a part of the illustration can be left as an 
unretouched photograph, but the rest should be retouched or replaced by 
a drawing. It is unfortunate, as noted before, that certain American 
universities insist upon the use of only unretouched photographs in their 
publications. The results are generally atrocious. The beautiful Cryptos- 
tomata, with their lacelike fronds and geometrical external structure of the 
zooecia, require careful illustration of their surface features. It is heart- 
rending to compare the practically useless figures of many recent works 
with those of 1890 in volume 8 of the Illinois Geological Survey. Nomen- 
clature could well devise some rules as to the validity of species illustrated 
by useless figures. Carelessness is at the basis of such illustrations, for 
anyone can find out from the literature how good figures can be made. 

If the Trepostomata and Cryptostomata, perhaps the most abundant 
fossils in American post-Cambrian Paleozoic rocks, are to be of use in 
stratigraphic work, many careful students must work upon them. These 
students must, first of all, be willing to clear up the poor work of the past— 
a thankless task—before proceeding into new fields, so as to avoid fur- 
ther complications. The number of formations crowded with unstudied 
bryozoa is really astonishing. For example, in the Trenton group alone 
the Curdsville, Hermitage, Wilmore, Bigby, Flanagan, Perryville, and 
Cynthiana formations of the Ohio Valley afford large bryozoan faunas with 
many new species. Equivalent formations in other parts of the country 
are often just as rich in unstudied species, and equally rich opportunities 
for the study of the Trepostomata exist, particularly in the Chazyan, Rich- 
mond, and succeeding groups of the Paleozoic. 

The study of the fossil brachiopods in America has always been in good 
hands, and is still receiving careful attention, as shown by the excellent 
generic work recently issued by Doctors Schuchert and Cooper. Per- 
haps no other class of invertebrates has experienced so many taxonomic 
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changes within recent years, as one may readily see from the work of Dr. 
Schuchert and Miss LeVene; but such changes are in line with the prog- 
ress of study and are for the good of the science. Brachiopod monographs 
have almost always, in the matter of excellence, ranked higher than those 
of other groups of fossils, and this high standing has been maintained 
in recent years in those issued by Stuart Weller, Raymond Moore, Carl 
Dunbar, and Schuchert and Cooper. The Cambrian and post-Silurian 
brachiopods have proportionately received more attention, but much re- 
mains yet to be done on those of the intermediate systems. 

Among the Paleozoic mollusca, the Pelecypoda perhaps require most 
attention; for although many species have been described, the generic 
taxonomy is in great need of revision. This applies particularly to 
Silurian pelecypods and the many genera of the Devonian. As for the 
Gastropoda, although the Ordovician and later Paleozoic faunas have been 
fairly well described, the intervening Silurian species require much ge- 
neric study. Since the excellent monographic studies upon early Paleozoic 
gastropods and pelecypods published by Ulrich in the “Paleontology of 
Minnesota,” little advance has been made upon the classification of these 
two, difficult groups. Paleozoic cephalopods have for years received the 
careful attention of A. F. Foerste, and his excellent results now seem 
destined to be continued in the studies of A. K. Miller. These researches 
have been restricted almost entirely to the pre-Devonian cephalopods, so 
that a similar revision of the Devonian and Carboniferous species is still 
necessary. Part of this need will doubtless be met by the studies of 
Plummer and Scott on Carboniferous forms. 

In the remarks upon the Mollusca no mention has been made of the 
abundant undescribed molluscan faunas in the Ozarkian and Canadian 
systems. I am happy to say that arrangements have been made where- 
by the descriptions of these interesting progenitors of the later, better 
known, Paleozoic forms will be issued in the near future. 

The late lamented and beloved J. Perrin Smith has placed the Ameri- 
can Triassic cephalopods on such a firm basis that future students will 
find the path made easy for them, but much work is still to be done on 
other Mesozoic mollusca. Few thorough studies of any group of Jurassic 
and Cretaceous mollusca have been published in recent years except those 
of the Cretaceous pelecypods and gastropods of the Coastal Plain and the 
studies in Mexico of Burckhardt and Bése. Most of the work on the 
ammonites remains to be done for both the Jurassic and Cretaceous, and 
much of that on the other mollusca. In the Cenozoic there has been a 
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comparatively large number of active students, and the field has been 
more fully covered, though even here there is no lack of opportunity. 

In the Crustacea, the most fertile field of study at present is in the 
trilobites of the Canadian and Ozarkian systems, well represented in the 
collections of the United States National Museum, where researches upon 
them are in progress. The trilobites have always been a favorite subject 
of study, and numerous articles upon them have been published, as evi- 
denced by the series of bibliographic lists, both of the literature and of 
the genera and species, issued by A. W. Vogdes. The result is that the 
number of new species which may be expected to be found in the post- 
Ozarkian systems of the Paleozoic is perhaps smaller than in the case 
of other classes of fossils. 5 

Fossil Ostracoda have received most unusual attention in recent years, 
with their increasing importance in economic geology. Furthermore, 
students of this order during the past two decades have, as a rule, done 
their best to furnish faithful illustrations, in contradistinction to the 
authors of the last century, who illustrated their species with such diagram- 
matic drawings that their work, in many cases, has to be done over. The 
Upper Paleozoic ostracods have received particular attention recently in 
America, and I am glad to say that a bibliographic index of the Paleozoic 
Ostracoda of the world, embodying bibliography, synonymy, classification, 
and other features is in process of publication. Unfortunately, the Ameri- 
can Mesozoic and Cenozoic Ostracoda, although numerous, are not so well 
known, and, in spite of some excellent contributions to their study by 
several younger men in recent vears, an enormous amount of work still 
remains incomplete. Such work is complicated by the fact that the post- 
Paleozoic ostracods were apparently wide rovers of the ancient seas, so 
that undoubtedly many species will be found common to the several con- 
tinents. In Europe, many large monographs on Mesozoic and Cenozoic 
Ostracoda have been published, accompan‘ed, for the most part, by such 
poor or diagrammatic illustrations that the types or topotypes must be 
refigured before accurate specific identifications in America can be made 
with confidence. The higher Crustacea, the Malacostraca, offer another 
interesting, although difficult, field of study. With the exception of the 
decapods so ably investigated by Miss Rathbun, this superorder has re- 
ceived little attention for more than a generation. Work is especially 
needed in the post-Cambrian phyllocarids. 

With this brief review of some of the studies which are still necessary 
among the invertebrate fossils, it is fitting that we pay some attention, 
in closing, to the research work still to be done from a stratigraphic stand- 
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point. To review the needs throughout the geological column, even 
briefly, would require much more time than is at our disposal. If we 
restrict ourselves to the Paleozoic, we still find many faunas which re- 
quire careful study and description. In the Cambrian, in spite of the 
great works of Walcott, in which certain groups of organisms, such as 
the brachiopods and trilobites, have been studied in considerable detail, 
other elements of the fauna are often greatly in need of description or 
revision. In the Ozarkian and Canadian systems only a small portion 
of the species has been described, but investigations on the rest are well 
under way by members of the United States Geological Survey and the 
United States National Museum, whose collections contain the most com- 
plete representation of these faunas. 

There is, perhaps, no system of the Paleozoic which has received more 
attention in proportion to its size than the Ordovician of North America, 
partly because of the wealth of well-preserved fossils afforded by it. The 
faunas of the standard sections in New York, Ohio, and Canada are fairly 
well known, but elsewhere, almost invariably, they are little known. 
Ordovician sediments in our country exhibit their development in differ- 
ent basins of deposition, with frequent changes in the contained life, bet- 
ter perhaps than do those of any other system of geologic time. Certain 
regions, such as the Appalachian Valley in Virginia and Tennessee, where 
such basins are well developed, contain large assemblages of fossils, most 
of which are still undescribed. For example, in this region the Chazyan 
is composed, in ascending order, of the Murfreesboro limestone, 300 feet 
thick ; Mosheim limestone, 50 to 125 feet thick; the Lenoir limestone, 40 
to 700 feet; the Holston marble, 350 feet; the Whitesburg limestone, 500 
feet; the Athens shale, 4,000 feet; the Tellico formation, 1,500 feet, and 
the Ottosee shale, 2,600 feet. Throughout this great thickness, fossils 
are abundant at a number of zones, and, of the great faunas represented 
there, only a comparatively few species have been described. In other 
parts of the country, especially im Oklahoma and Nevada, this same inter- 
val is represented by quite distinct and abundantly fossiliferous forma- 
tions. In the course of his stratigraphic studies, Ulrich has devoted 
many years to the separation and tentative classification of the Chazyan 
fossils. Although about 200 species have been published, at least four 
times that number remain unknown to the scientific world. 

The Silurian system likewise affords many examples of regions where 
much faunal study is still necessary. These are in areas, such as the 
Southern Appalachians, far from the type sections, or in the Mississippi 
Valley, where various dolomites and other strata of this age do not afford 
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the best preserved fossils. In the Devonian, the formations of various 
parts of the Mississippi Valley and Rocky Mountain region have many 
unstudied invertebrates. In the Mississippian and Pennsylvanian, brief 
mention may be made of the faunas of the Southern Appalachians and 
the regions west of the Rockies. 

In concluding, I may state my idea of the greatest need in American 
invertebrate paleontology today. It is for more careful work, prepared 
less hastily, and issued with more regard to its value to the workers of 
the future. Students young in the science would do well to copy the 
standard authorities, rather than branch out too independently at first. 
A student should not, as is often the case, attempt the description and 
illustration of an entire fauna for his first publication. It is obvious 
that close study and mastery of a single class, or part of a fauna, will be 
of more lasting value to the science. With the many advantages which 
they enjoy that were not possessed by their predecessors, the paleontolo- 
gists of the future can and should do better work than has ever been done 
in the past. Let us hope that the Paleontological Society will foster, en- 
courage, and aid its younger members in their efforts to raise the standards 
of their science on this continent. 
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MEMORIAL OF GEORGE IRVING ADAMS? 
BY ERNEST F, BURCHARD 


George Irving Adams, head of the Department of Geology and Miner- 
alogy in the University of Alabama, passed away suddenly September 8, 
1932, as the result of a heart attack. 

President George H. Denny expressed the sentiments of the university 
faculty and students in the following brief tribute: “We shall keenly feel 
the loss of Doctor Adams. He was a fine gentleman. No member of 
our faculty was more deeply interested in research. He was perhaps the 
leading spirit on the campus in all matters relating to research. Doctor 
Adams was outstanding in his loyalty to the best ideals of the university. 
He was a man of rare culture and of remarkable devotion to duty. He 
was conscientious, high-minded, and untiring. We mourn his loss. We 
shall cherish his memory.” 

George Irving Adams was born at Lena, Illinois, August 17, 1870, the 
son of Howard Brooks and Ruth Ann (Harris) Adams, both of whom 
had been teachers. At an early age he went with his family to eastern 
Kansas, where he grew to manhood. His preparatory and collegiate edu- 
cation was obtained at institutions of his adopted state, the Kansas State 
Normal School at Emporia, from which he was graduated in 1889, and 
where he continued until 1890, and the University of Kansas, at which 
he received the degree of Bachelor of Arts in 1893 and of Master of Arts 
in 1895. At the University of Kansas, his major studies were in geology 
and anatomy, with some vertebrate paleontology under S. W. Williston. 
His early efforts at teaching were at the Kansas State Normal School 
in 1893-94, where he was instructor in natural sciences, and his early 
geological work was done as assistant geologist on the University Geolog- 
ical Survey of Kansas, under Erasmus Haworth, in the summers of 
1894 to 1897. The scholastic year, 1895-96, was spent in graduate work 
in mammalian paleontology, under the direction of William B. Scott at 
Princeton University, where he had been appointed to a fellowship in 
biology, and which institution conferred on him the degree of Doctor 
of Science in 1896, the subject of his thesis, as published, being “The 
extinct Felidae of North America.” 

Trained as a vertebrate paelontologist, Adams was faced, in 1896, with 
the necessity for making a difficult decision ; viz., whether or not to aban- 


1 Published by permission of the Director, U. S. Geological Survey. 
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don that branch of pure science, in which at that time there appeared 
to be little opportunity for employment for the field of economic geology, 
just then in its ascendency. His decision to abandon vertebrate paleon- 
tology did not lessen his interest in research but led him into more widely 
varied fields in which travel and exploration played an important part. 
The winter of 1897-98 he spent at Munich, attending lectures by von Zit- 
tel, and at the museums and zoological gardens in Paris and London. 
On his return to the United States, Adams became connected with the 
United States Geological Survey, as field assistant in 1898-99, and as 
assistant geologist from 1900 to 1904. 

The professional career of Doctor Adams may be divided into periods 
of surveys and of teaching, in the proportion of about 14 to 20 years. Dur- 
ing his service on the Kansas Geological Survey, Adams was engaged in 
making geologic sections and maps, and in the study of underground 
waters in western Kansas. These studies involved rocks, chiefly of Car- 
boniferous, Cretaceous, and Tertiary age. On the Federal Survey, he 
was at first associated with J. A. Taff in areal and structural surveys of 
the eastern Choctaw coal field of Oklahoma. Under the joint direction 
of Bailey Willis and C. R. Van Hise, he was associated with H. F. Bain 
in a survey of the zinc and lead deposits of the Joplin, Missouri, and 
north Arkansas districts. in which Adams was responsible for the strati- 
graphic work and Bain for the study of the ores. Under the direction of 
N. H. Darton, he made studies of geology and water resources of certain 
western states, after which he independently studied oil and gas fields 
in Kansas, Oklahoma, and Texas. The importance of Adams’ strati- 
graphic work is attested by a large number of references in the “Index to 
North American Stratigraphy,” by Bailey Willis.2 One of Adams’ out- 
standing contributions to stratigraphy was the result of his work on the 
relations of Pennsylvanian and Permian redbeds, which he traced from 
Kansas, through Oklahoma, into Texas. There were many scientific by- 
products of Adams’ field studies on the Geological Survey. He was much 
interested in physiography, a branch of earth science that was receiving 
emphasis in the early part of the present century, and made distinct con- 
tributions to the literature of this subject relating to Arkansas, Kansas, 
and Oklahoma, including the Ozark region. 

The principles controlling the geologic deposition of the hydrocarbons 
engaged his attention while studying the accumulation of petroleum, and 
the principles controlling the deposition of zinc and lead ores in sedi- 


2U. S. Geol. Survey Prof. Paper 71, 1912. 
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mentary rocks of the Ozark region was another subject which he illu- 
minated. Like many of the younger members of the Federal Survey, 
Adams was pressed into service in reporting on miscellaneous mineral 
deposits, and he made his contributions, both economic and scientific, to 
the knowledge of domesic deposits of gypsum and sulphur. His water 
supply investigations doubtless paved the way for the next notable step 
in his career, for in 1904 when Peru sought a chief hydrologist for her 
corps of mining engineers, Adams was chosen. 

In Peru, from 1904 to 1906, Doctor Adams studied the geology and 
occurrence of groundwater of the Peruvian coast, and the results of his 
work appeared in publications of the Peruvian Government. He spent 
an additional year in private, professional, mine examination work in 
Peru, Bolivia, and Chile, and it was through him that the valuable deposits 
of vanadium ore at Minasragra, Peru, were brought to the attention of 
American capitalists. 

In 1908, Doctor Adams became a geologist in the Division of Mines 
of the Philippine Bureau of Science at Manila. Warren Du Pre Smith, 
formerly chief of the Division of Mines, considers that Adams’ best con- 
tribution in the Philippines was the establishment of a road-testing labora- 
tory, with his work on road materials and well-samples, for the Bureau of 
Public Works. He was also good on reconnaissance work. Adams called 
attention to the suitability of local clays for making pottery, and it was 
at his suggestion that instruction in clay modeling and pottery work was 
taken up by the Philippine Bureau of Education. Because of Adams’ 
wide experience and travel in South America, he was of considerable in- 
spiration to the younger men in the Bureau of Science, and his training 
and experience while connected with the United States Geological Survey 
was valuable in the organization of the Philippine work and the prepara- 
tion of reports. His industry in the Philippines and the East Indies dur- 
ing the years 1908-10 shows in eleven papers. 

It was in Manila that he met Miss Bertha Barin, of Portland, Oregon, 
whom he married in Yokahama, Japan, in 1914, and who survives him. 

The year, 1911, Doctor Adams spent at Yale University, reviewing 
economic geology and petrography, under John D. Irving and L. V. 
Pirsson, and thus further equipped with the working tools of his profes- 
sion, he engaged, during the next two years, in mine examinations and 
in traveling in the Orient. In 1912, he was appointed professor of geology 
and mining at Pei Yang University, Tientsin, China, where he remained 
until 1915, when he became head of a similar department in the Peking 
Government University, formerly the Imperial University, at Peking, 
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China, where he lectured until 1920. During the decade that Doctor 
Adams was in the Orient, he gathered much interesting geographic and 
geologic data, but was precluded from publishing it because of the objec- 
tions of the Chinese institutions with which he was connected. He was, 
however, decorated by the Chinese Government for his meritorious serv- 
ices. 

H. Foster Bain, who was conducting geological explorations in the Far 
East in 1916-17, and who visited Peking, comments as follows: 


“In China, Adams was professor of geology at the Government University 
in Peking, at a time when many interesting things were happening in that 
country. He assisted in the training of some of the young men who have since 
made names and places for themselves in the profession in the Far East. He 
also found time for occasional pieces of professional work in connection with 
business enterprises, among them the project for a series of railways to be 
built under the Sims-Carey contracts. In that connection he studied in par- 
ticular the geology and mineral resources along a projected line across south- 
western China, a region little known. It is to be regretted that the exigencies 
of the work prevented a complete survey and publication of the results. 

“Mr. and Mrs. Adams were appreciated members of the foreign colony in 
Peking and had many friends. .They were living there in 1917 when Chang 
Hsun siezed the city and for twelve days re-established the Manchu empire, 
as well as the brief siege that ended this régime and by which Tuan Chi Jui 
restored the republic.” 


Upon his return to the United States, in 1920, Doctor Adams was at 
once called to the University of Alabama to take charge of the Depart- 
ment of Geology and Mineralogy. Entering on his duties as a suc- 
cessor to the venerable Eugene Allen Smith, who some years earlier had 
relinquished teaching in order to devote his time entirely to the duties of 
State Geologist, Adams found his classes large, and at first he had ao 
assistants. Always an unremitting worker, he preferred to take care of 
all the instruction himself until he could train some laboratory assistants, 
and he also gave lectures on geography in the School of Commerce. A 
firm believer in the laboratory method of teaching elementary geology, he 
prepared three useful manuals on historical and physical geology and 
chemical and physical mineralogy which greatly facilitated the handling 
of students in large numbers. Upon the death of Doctor Smith, in 1927, 
and the appointment of Walter B. Jones as his successor, Doctor Adams 
became a geologist upon the staff of the Geological Survey of Alabama. 
In this connection he carried on field work during vacation periods up 
to the close of his life. He had executed special projects prior to his 
formal connection with the Survey, such as participation in the prepara- 
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tion of the latest revised geologic map of Alabama, published in 1926. 
His contribution to this work was the revision of the mapping of the 
crystalline rocks. 

In Alabama, Doctor Adams found a favorable field for the investi- 
gation of many problems. The wide scope of his interests there is indi- 
cated in his bibliography, the subjects ranging from physiographic studies 
to those on the origin of the metallic and nonmetallic resources with 
which Alabama is so well supplied. He never undertook an economic 
investigation, however commonplace, without finding in it something of 
scientific interest or significance. He was one of the most consistent 
producers on the university faculty, and was an inspiring force in the 
organization of the University Research Council, serving as its president. 
He also took an active part in the Alpha of Alabama Chapter of Phi Beta 
Kappa, both as its president and for several years past as its archivist. 
He was also a member of the other honorary fraternities, Sigma Xi and 
Chi Beta Phi. 

In addition to being a fellow of the Geological Society of America, Doc- 
tor Adams was a member of the American Association for the Advance- 
ment of Science, the American Institute of Mining and Metallurgical 
Engineers, the Mineralogical Society of America, the American Associa- 
tion of Petroleum Geologists, the Geological Society of Washington, the 
Cosmos Club, and the Beta Theta Pi fraternity. 

Doctor Adams seldom found time for play. It was the writer’s privi- 
lege to serve as his field assistant, in Arkansas in 1900 and 1902, and 
in Wyoming in 1901, and he recalls only two occasions on which his chief 
relaxed in his pursuit of geological data. One was in Wyoming, when, 
sadly in need of fresh meat for camp, Doctor Adams shot an elk. It was 
a fine test of good marksmanship, for the elk were very wary and seldom 
came within range of a long rifle shot. The other deviation was in the 
Ozark region of northern Arkansas, when Professor Purdue persuaded 
everyone in camp to join him one Sunday afternoon, in fly-casting for 
trout in the clear waters of White River. The results of that expedition 
were also practical in affording a change in menu. 

An impressive characteristic of Doctor Adams’ work was his constant 
devotion to the problems in hand. It was customary, after retiring to 
our cots in our tent in Wyoming, to discuss the day’s work until sleep 
overcame us, but often Doctor Adams would awaken the writer, late in 
the night, with some stimulating new thought. One that comes to mind 
was: “Burchard, do you realize that Little Horse Creek has robbed Big 
Horse Creek?” Another characteristic recalled particularly by his earlier 
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associates was his vigorous defense of his position on scientific questions. 
The writer owes much to Doctor Adams’ ability as a teacher, particularly 
regarding the details of field work. 

The vicissitudes of geological work and life in foreign lands reacted 
on Doctor Adams, as on most other American geologists, so that when 
the opportunity came to “settle down” in his native land, he built a 
beautiful home in Pinehurst, at Tuscaloosa, Alabama, where much of his 
writing was done during the last decade of his life. 


BIBLIOGRAPHY 
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Two species of Dinictis from the White River beds. American Naturalist, vol- 
ume 29, pages 573-578, 1 plate and 1 text figure. 
Describes D. fortis and D. bombifrons. 


1896 


A geologic section from Galena to Wellington [Kansas]. Kansas University 
Geological Survey, volume 1, pages 16-30, 2 plates. 

Describes the lithologic character and succession of the rocks forming 
the Carboniferous series in this region. 

A section from Manhattan to Abilene [Kansas]. Kansas University Geologi- 
cal Survey, volume 1, pages 124-128, 1 plate, 1 figure. 

Gives the sections at Manhattan, Fort Riley, and Abilene, Kansas, of 
the Carboniferous and Permo-Carboniferous beds. 

On the species of Hoplophoneus. American Naturalist, volume 30, pages 46- 
51, 2 plates. 

Describes new species H. insolens and .H. robustus. 

The extinct Felidz of North America. American Journal of Science, 4th series, 
volume 1, pages 419-444, 2 plates. 

Describes the osteology of Hoplophoneus primaevus and gives a brief 
review, description, and figures of the several species of Hoplophoneus. 
Discusses the nomenclature synonymy, dentition, succession of genera, and 
phylogeny of the Felide. 
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(With Haworth, Erasmus), Geology of underground waters in western Kan- 
sas. Report of the Board of Irrigation Survey and Experiment for 1895 
and 1896, pages 104-114, with map. 

Part of a general article by Erasmus Haworth. Describes special areas. 
The map is a result of a geologic reconnaissance of western Kansas between 
the Smoky Hill and Arkansas rivers. 

On the extinct Felide. American Journal of Science, 4th series, volume 4, 
pages 145-149, 8 figures. (Abstract) in Princeton University Bulletin, 
volume 9, pages 16-17. 

Describes the synonymy of the group. 
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1898 


A geological map of Logan and Gove counties [Kansas]. Kansas University 
Quarterly, volume 7, pages 19-20. 

Shows the distribution of the Cretaceous and Tertiary rocks and gives 
a brief account of their occurrence. 

A geological reconnaissance in Grant, Garfield, and Woods counties, Oklahoma. 
Kansas University Quarterly, volume 7, pages 121-124, 2 plates. 

Describes the general geologic and geographic features. 

Physiography of southeastern Kansas. Kansas University Quarterly, volume 
7, pages 87-102, 2 maps. 

Describes the general physiography of the Great Plains, the geologic 
structure of Kansas, and the physiographic features of the southeastern 
portion of the state. 

The Upper Cretaceous of Kansas. A historical review. Kansas University 
Geological Survey, volume 4, pages 13-27. 

Gives a summary of the views of various writers on the Cretaceous of 

Kansas, and a general section. 


1899 


Physiography of southeastern Kansas. Kansas Academy of Science, Transac- 
tions, volume 16, pages 53-63, 2 plates. 
Describes the physiographic and drainage features of the region. 


1900 


Physiography of the Arkansas Valley region [abstract]. Science. new series, 
volume 11, page 508. 

(With Taff, Joseph A.) Geology of the eastern Choctaw Coal field, Indian 
Territory. United States Geological Survey, Annual Report 21, part ii, 
pages 257-311, 2 plates, 6 figures. 

Describes the topographic, stratigraphic, and structural features of the 
region, the occurrence and character of the coals, and the mining develop- 


ment. 
1901 


(With Taff, Joseph A.) Geologic mapping done, 1898, for Coalgate folio, 
Oklahoma. United States Geological Survey, Geologic Atlas of United 
States, folio 74. 

The Carboniferous and Permian age of the Red Beds of eastern Oklahoma from 
stratigraphic evidence. American Journal of Science, 4th series, volume 
12, pages 383-386, 1 figure. 

Describes the extension of these beds from Kansas into Oklahoma, shows 
that the approximate limit of the red color is diagonal to the strike, dis- 
cusses the evidence as to their age, and concludes that the portion in strike 
with the known Carboniferous is of Carboniferous age, and the portion in 
strike with Permian is of Permian age. 

Oil and gas fields of the Western Interior and northern Texas coal measures, 
and of the Upper Cretaceous and Tertiary of the western Gulf Coast. 
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United States Geological Survey, Bulletin 184, pages 1-64, 2 plates, 4 fig- 
ures. 

Describes the general geology of the oil and gas fields of Kansas and 
Indian territory, and the developments of the various localities. Describes 
the stratigraphy of the Texas oil fields and their developments. 

(With Bain, H. F., and Van Hise, C. R.) Preliminary report on the lead and 
zinc deposits of the Ozark region. Chapters II and III; Physiography 
and geology of the Ozark region. United States Geological Survey, An- 
nual Report 22, part 2, pages 69-94, 3 plates, 3 figures, geologic map. 

Describes physiographic features, and characters and occurrence of 
igneous rocks and pre-Cambrian, Cambrian, Ordovician, Silurian, Devonian, 
and Carboniferous strata, and the geologic structure of the region. 


1902 


(With Taff, Joseph A.) Geologic mapping done in 1898 for Atoka folio, Okla- 
homa. United States Geological Survey, Geologic Atlas of United States, 
folio 79. 

Geology and water resources of the Patrick and Goshen Hole quadrangles in 
eastern Wyoming and western Nebraska. United States Geological Sur- 
vey, Water Supply and Irrigation Paper 70, 50 pages, 11 plates, 4 figures. 

Describes the geologic structure and physiographic features. 

Physiographic divisions of Kansas. American Geographical Society, Bulletin, 
volume 34, pages 89-104, 2 figures. 

Describes the characteristics of the several physiographic divisions of 
the region. 

Stratigraphic relations of the Red Beds to the Carboniferous and Permian in 
northern Texas [abstract]. Science, new series, volume 16, page 1029. 
Lithologic phases of the Pennsylvanian and Permian of Kansas, Indian Terri- 
tory, and Oklahoma [abstract]. Science, volume 15, pages 545-546. 
Note on Tertiary terrain new in Kansas geology [White river, Tertiary]. 
American Geologist, volume 29, pages 301-303, 1 figure. 
Describes the occurrence and character of the beds. 


1903 


Physiographic divisions of Kansas. Kansas Academy of Science, Transactions, 
volume 18, pages 109-123, 4 figures. 
Defines the divisions and describes their topographic and geologic 
features. 

Principles controlling the geologic deposition of the hydrocarbons. American 
Institute of Mining Engineers, Transactions, volume 33, pages 340-347. 
Stratigraphic relations of the Red Beds to the Carboniferous and Permian in 
northern Texas. Geological Society of America, Bulletin, volume 14, pages 

191-200, 3 figures. 

Describes occurrence, stratigraphy, and lithologic characters of the Red 
Beds of Texas, Oklahoma, Indian Territory, and Kansas, and discusses 
their relationships. 
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Zine and lead deposits of northern Arkansas. United States Geological Sur- 
vey, Bulletin 213, pages 187-196. American Institute of Mining Engineers, 
Transactions, volume 34, pages 163-174. 

Gives a brief account of the position, history of development, and geologic 
structure of the field, and describes the occurrence, character, and source 
of the ores. 

Origin of bedded breccias in northern Arkansas [abstract]. Science, new 
series, volume 17, pages 792-793. 

(With Girty, G. H., and White, D.) Stratigraphy and paleontology of the 
upper Carboniferous rocks of the Kansas section. United States Geologi- 
cal Survey, Bulletin 211, 123 pages, 4 plates, 10 figures. 

Comprises a review of previous work upon the stratigraphy, and a de- 
scription in detail of the geologic formations, including definition and 
synonymy, character and extent, and faunal lists of the upper Carbonif- 
erous strata of Kansas and northern Indian Territory, by George I. 
Adams: a discussion and tabulation of the invertebrate fossils, by George 
H. Girty; and an annotated list of the fossil plants, by David White. 


1904 


Geology, technology, and statistics of gypsum. United States Geological Sur- 
vey, Bulletin 223, pages 12-32, 6 plates, 1 figure. 

Includes a short discussion of the origin and geologic age of gypsum 
deposits in general. 

Zine and lead deposits of northern Arkansas. United States Geological Sur- 
vey, Professional Paper 24, pages 1-89, 27 plates, 6 figures. 

Describes physiographic features briefly, the occurrence and character 
of Ordovician, Devonian, and Carboniferous formations, the geologic his- 
tory and structure, and the occurrence and origin of the zine and lead 
ore deposits of this region. 

The Rabbit Hole sulphur mines near Humboldt House, Nevada. United States 
Geological Survey, Bulletin 225, pages 497-500. 

General geology, occurrence, and origin of the sulphur. 

(With Haworth, Erasmus, and Crane, W. R.) Economie geology of the Iola 
quadrangle, Kansas. United States Geological Survey, Bulletin 238, 83 
pages, 11 plates, and 13 figures. 

Describes the general character and areal geology of the area, the char- 
acter, occurrence, and relations of the Carboniferous formations, the 
geologic structure of the field, in detail the occurrence, character, and 
origin of the natural gas and petroleum, and their utilization in the manu- 
facture of cement, brick, and zine spelter. 


1905 


Summary of the water supply of the Ozark region in northern Arkansas. 
United States Geological Survey, Water-Supply and Irrigation Paper 110, 
pages 179-183, 2 figures. 
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(With Ulrich, E. 0.) Fayetteville folio, Arkansas-Missouri (geologic mapping 
done in 1900). United States Geological Survey, Geologic Atias of United 
States, folio 119. 

(With Taff, Joseph A.) Geologic mapping done in 1901 for Tahlequah folio, 
Oklahoma. United States Geological Survey, Geologic Atlas of United 
States, folio 122. 

Caudal, procedencia y distribucion de aguas de la provincia de Tumbes y los 
departamentos de Piura y Lambayeque, with appendix by J. Balta. Bola- 
tin Ingenieros Minas, Peru, number 27, pages 1-113, 19 plates (sketch 
maps). 

Contains a report of a geological reconnaissance of the valleys and 
plains in the northern portion of the Peruvian coast, shows the extent of 
the river basins and irrigated areas, reviews the irrigation projects, and 
discusses the volume and monthly variation of the flow of the streams and 
the conditions of occurrence of the groundwater. 

(With Sutton, C. W., and Bravo, J. J.) Informes sobre la Provincia constitu- 
cional del Callao. Boletin Ingenieros Minas, Peru, number 33, page 3, 
Geology and Hydrology, pages 41-58, 8 figures, 2 plates. 

Contains a description of the Rimac delta on which are situated Callao, 
the principal port, and Lima, the capital of Peru. Describes the occur- 
rence of groundwater. 

1906 


Caudal, procedencia y distribucion de aguas de los departamentos de Lima e 
Iea. Boletin Ingenieros Minas, number 37, pages 1-95, 24 plates. 
Contains a report of a geological reconnaissance of the valleys and plains 
in the south-central portion of the Peruvian coast, shows the extent of 
the river basins and irrigated areas, reviews the irrigation projects, and 
discusses the volume and monthly variation of the flow of the streams and 
the conditions of occurrence of the groundwater. Also one for the south- 
ern portion. 
Caudal, procedencia y distribucion de aguas de los departamentos de la Liber- 
tad y Ancachs. Boletin Ingenieros Minas, number 40, pages i-viii, 1-58, 
14 plates. 
Same as above for north-central portion. 
Caudal, procedencia y distribucion de aguas de los departamentos de Arequipa, 
Moquequa y Tacna. Boletin Ingenieros Minas, number 45, pages i-ix, 1-61, 
13 plates. 
1907 


(With Purdue, A. H.) Geologic mapping, done in 1903 for Winslow folio, 
Arkansas. United States Geological Survey, Geologic Atlas of United 


States, folio 154. 
1908 


The production of structural materials (in the Philippines). Philippine 
Islands, Department of the Interior, Bureau of Science, The Mineral Re- 
sources of the Philippine Islands, pages 45-49. 

Gives statistics and notes on the sources and uses of the materials. 
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1909 


The physical features and mining industry of Peru. American Institute of Min- 
ing Engineers, Transactions, volume 39, pages 250-259, 2 figures. 

Gives a brief description of the physical divisions of the country and by 
means of an index map shows the areas described in the bulletins of the 
Corps of Engineers of Mines of Peru, and states briefly the condition of 
the mining and metallurgical industries in each area. 

An outline review of the geology of Peru. Smithsonian Institution, Report for 
1908, pages 385-430, 5 plates, 7 figures. 

Defines the physiographic and climatic regions of the country and shows 
the cordilleras of the Andes on a special map. Summarizes in chronologi- 
cal order what has been written on the sedimentary formations and gives 
the geologic sections of the Andes by various authors, and their ideas 
as to the age of the cordilleras and the development of the South American 
continent. Contains a bibliography and gives additional footnote refer- 
ences to the literature. 

The marble and schist formations of Romblon Island. Philippine Journal 
of Science, volume 4, number 1, section A, General Science, pages 87-89. 

Describes the occurrence of the formations, the adaptability of the 
marble for ornamental purposes, and of the schist and marble as mate- 
rials for the making of cement. 

Geology and water supply of Taytay, part II of the Medical Survey of the 
town of Taytay. Philippine Journal of Science, number 4, section B, 
Medical Science, pages 211-214, 1 figure, 1 plate. 

Describes the local geology and classifies the wells according to their 
sources of supply. 

(With Pratt, W. E.) The production of miscellaneous nonmetallic minerals 
{of the Philippines]. Philippine Islands, Department of the Interior, Bu- 
reau of Science. The Mineral Resources of the Philippine Islands, pages 
48-52. 

Gives statistics and notes on sources and uses of the minerals. 

Geological reconnaissance of the Island of Leyte. Philippine Journal of 
Science, volume 4, number 5, section A, General Science, pages 339-357, 1 
plate. 

Describes the local geology, reviews the previous literature, and pre- 
sents a reconnaissance map of the geologic districts of the island. 

Tests of Philippine road materials. Philippine Journal of Science, volume 4, 
number 5, section A, General Sciences, pages 455-461. 

Contains a report on the first series of abrasion tests of road materials 
used by the city of Manila and by the Bureau of Public Works in the prov- 
inces, and describes some of the quarries. 

Sand, gravel, and crushed stone available for concrete construction in Manila. 
Philippine Journal of Science, volume 4, number 5, section A, General 
Sciences, pages 463-481, figures, 2 plates. 

Contains results of granular-metric analyses and crushing tests, and 


notes on sources of supply. 


aN 
ar 


BIBLIOGRAPHY OF GEORGE IRVING ADAMS 299 


1910 


(With Pratt, W. E.) Philippine pottery. Philippine Journal of Science, vol- 
ume 5, number 2, section A, General Science, pages 143-151, 3 plates, 2 text 
figures. 

Describes the primitive method of making pottery still followed, the im- 
provements under the Spanish régime, the introduction of kilns, the influ- 
ence of Chinese and Japanese workmen and their methods and the first 
attempts to make porcelain, and gives a table of analyses of clays. 

Geologic reconnaisance of southwestern Luzon. Philippine Journal of Science, 
volume 5, number 2, section A, Chemical and Geological Science, pages 
57-116, figures, 13 plates, geologic map. 

Describes the physiographic regions and geology of the area which con- 
tains portions of the eastern and western cordilleras, and the southwestern 
voleanic region in which are found extinct volcanoes, crater lakes, and the 
active volcano, Taal. Contains a topographic map of Taal voleano and 


reconnaissance geologic map. 
1911 


Geological reconnaissance of southeastern Luzon. Philippine Journal of Science, 
volume 6, number 6, section A, Chemical and Geological Science, pages 
499-481, 4 figures, 6 plates, geologic map. 

Describes the physiographic regions and the geology of the area which 
contains the southeastern cordillera, including extinct volcanoes and the 
voleano, Mayon. Contains a reconnaissance geologic map. 


1912 


Timor Island; its supposed volcano and its probable tectonic relations. Philip- 
pine Journal of Science, volume 7, number 4, section A, Chemical and 
Geological Science, pages 283-288. 

Text figure showing Timor and neighboring islands. Explains that there 
is no such voleano as described by Scrope. Describes a “mud volcano” 
probably excited by earthquakes and escaping inflammable gas. Shows 
that the “Java line’ does not pass through Timor, which lies on an outer 


line. 
1923 


The Formation of Bauxite in Sink-Holes. Economic Geology, volume 18, num- 


ber 4, pages 410-412. 
Describes the form of the deposits and explains that they were not 


formed by hot springs and the transfer of material from great depth as 
previously stated, but by surface alteration. 


1924 


Significance of invertebrate and plant fossils and interpretation of geologic 
maps. Published by Edwards Brothers, Ann Arbor, Michigan. 
Laboratory manual for use in connection with laboratory work on his- 


torical geology. 
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Common economic minerals and rocks. Published by Edwards Brothers, Ann 


Arbor, Michigan. 
Laboratory manual for use in connection with physical geology. 


1926 


The Crystalline Rocks. Chapter I in Special Report number 14, Geological 
Survey of Alabama, with the mapping of the crystalline areas of the new 
state geologic map. 

Discusses former work on the crystallines, reviews the literature, and 
describes the divisions which were mapable at that time. 

Chemical and Physical Mineralogy. Published by Edwards Brothers, Ann 
Arbor, Michigan. 

Laboratory manual. 
1927 


New Geological Map of Alabama. Manufacturers Record, Baltimore, Mary- 
land, January 13, 1927, pages 74-75. 
A review of Special Report Number 14 of the Geological Survey of Ala- 
bama, with an appreciation of the work of Eugene A. Smith. 
Bauxite deposits of the Southern States. Economic Geology, volume 22, num- 
ber 6, pages 615-620, 
The deposits are shown to be of Eocene (Wilcox) age. Emphasis is 
placed on the climatie and physiographic conditions. 


1928 


The occurrence and age of certain brown iron ores in Alabama and adjacent 
states. Economic Geology, volume 23, number 1, pages 85-92. 

The deposits are shown to be of Upper Cretaceous, Tuscaloosa age. 

The course of the Tennessee River and the physiography of the Southern 
Appalachian region. Journal of Geology, volume 36, number 6, pages 
481-493. 

The history of the Tennessee River is outlined in accordance with the 
geological features of the region and without appealing to stream capture. 


1929 


The streams of the coastal plain of Alabama and the LaFayette problem. 
Journal of Geology, volume 37, number 3, pages 193-203. 

The drainage systems of the Alabama and Tombigbee rivers are shown 
to be the result of capture in early Pliocene time, and the distribution of 
high level gravels is used as evidence. 

Molding sands of Alabama, with annotated lists of the foundries in Alabama 
and the producers of washed sand and gravel. Geological Survey of Ala- 
bama, Bulletin, number 35. 

Discusses the occurrence, uses, and classes of molding sands and the 
economic development of the sands and gravels of the state. 
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1930 


The significance of the quartzites of Pine Mountain in the crystallines of west 
central Georgia. Journal of Geology, volume 38, number 3, pages 271-279. 

The quartzites and schists in Pine Mountain, Georgia, are shown to be 
a continuation of a belt in Alabama which includes quartzites, dolomites, 
schists, and amorphous graphites, the age of which is uncertain, but is 
probably Paleozoic. 

Origin of the white clays of Tuscaloosa Age [Upper Cretaceous] in Alabama, 
Georgia, and South Carolina. Economic Geology, volume 25, number 6, 
pages 621-626. 

The deposits of white clay are shown to be the result of alteration of 
beds, deposited in the Tuscaloosa formation. Climatic conditions were 
important factors. 

A century of gold mining in Alabama. Alabama Historical Quarterly, volume 1, 
number 3. 

Discusses the influence of the discovery of gold on the early history of 
Alabama and the removal of the Creek Indians. 

Gold deposits in Alabama and occurrence of pyrite, copper, arsenic and tin. 
Geological Survey of Alabama, Bulletin, number 40. 

Describes all the mines and prospects, reviews the literature, and con- 
cludes that there was one general period of metallization at the close of 
the Paleozoic, following the intrusion of the granite, after the development 
of the Appalachian structure. 

1931 


Hydrothermal origin of the barite in Alabama. Economic Geology, volume 26, 
number 7, pages 772-776. 
The deposits are shown to be of mesothermal and epithermal origin, con- 
centrated by weathering into workable, residual deposits. 


MEMORIAL OF TRUMAN HEMINWAY ALDRICH 
BY JULIA GARDNER 


Truman Heminway Aldrich, who died in Birmingham, Alabama, on 
April 28, 1932, was perhaps the last of the great pioneers of Tertiary pale- 
ontology in America. In his work and in his attitude toward his work 
he carried on the tradition of Conrad and Lea and other members of the 
school that made Philadelphia the scientific center during the middle 
years of the nineteenth century. However, Tertiary paleontology was not, 
until the last years of Mr. Aldrich’s life, his profession but his recreation. 

Born in Palmyra, New York, on October 17, 1848, of Quaker ancestry, 
the son of William Farrington Aldrich and the great-grandson of Samuel 
Augustus Barker, aide on the staff of General Lafayette during the Revo- 
lution, Truman Heminway Aldrich was formally educated in the public 
schools of Palmyra, the Military Academy of West Chester, Pennsylvania, 
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and the Rensselaer Polytechnic Institute of Troy, New York, from which 
he was graduated as a mining engineer in 1869. His informal education 
was equally important in determining his later activities and interests. 
His delicate health during childhood was a constant concern, and the 
family doctor, an old-time naturalist, in order to keep the lad out of 
doors, took young Truman with him on his country rounds. Mr. Aldrich 
retained throughout his life the interests aroused in those long, chatty 
drives, and the collections of flora and fauna made during those years 
formed the nucleus of his later, superb collections of several thousand 
species, largely from the marine Tertiaries of the Gulf. 

Shortly after his graduation as an engineer, Mr. Aldrich went to 
Alabama in a banking partnership at Selma. The banks were at that 
time dependent for the return of their loans on a precarious cotton 
market, and young Aldrich looked about him for more stable security. 
His scientific and engineering training enabled him to see the possibili- 
ties of the undeveloped coal ; his energy and sound judgment enabled him 
to develop it. In 1873 he leased the Montevallo mines and shattered all 
precedents by beginning operations in midsummer. The great barrows 
of mined coal were the jest of the countryside in the early autumn, but 
with the first frost, Mr. Aldrich, in control of the one available coal 
supply of the state, had a corner on the state market and drove out even 
the English coals from the southern section, before the other mines were 
prepared to deliver. With the success of the Montevallo property assured, 
he, with two companions, went in search of a good coking coal that could 
be profitably mined. The opening of the Pratt coal field was the direct 
result of this quest, and consequent on the development of this large 
store of good coking coal from the Warrior field, the little town of 
Birmingham, which had suffered greatly from the panic of the early 
seventies, was reborn and forged to the front in the new industrial South. 

During the crowded years from 1875 to 1911, Mr. Aldrich was pioneer- 
ing both in the development of the coal industry in Alabama and in the 
knowledge of the Gulf Tertiaries, particularly of the molluscan faunas 
of the Eocene section. In 1873, the year in which he left New Jersey 
for Selma, Eugene Allen Smith was appointed State Geologist of Ala- 
bama, a post which he filled for more than 54 years and until his death 
in September, 1927. On October Ist of that year Mr. Aldrich wrote, 
“Dr. Smith was very close to me for 53 years, and I shall miss him 
greatly. He was always in love with the Tertiary and put me at fossils 
instead of living shells.” The abiding friendship of these two gallant 
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gentlemen is pleasant to think on, and reacted most favorably to the 
cause of science in Alabama. 

Mr. Aldrich’s earliest paleontologic papers were published outside the 
state, in the Journal of the Society of Natural History of Cincinnati, 
at that time the foremost scientific center west of the Atlantic seaboard. 
In 1886, thanks to the interest of the State Geologist and to Mr. Aldrich’s 
financial backing, Bulletin Number 1 of the Geological Survey of Ala- 
bama, with descriptions of over 50 new species, all from the Gulf and 
mostly from the Alabama Eocene, was published. Through the next 
forty-odd years, Mr. Aldrich continued to publish in comparatively short 
papers careful descriptions of new and interesting species from his own 
collections. 

His career as a coal operator was interrupted by a short excursion into 
politics, when, in 1894, he was nominated for Congress by the Repub- 
licans, endorsed by the Populists, and finally won a contested election 
from Oscar W. Underwood. From June 9, 1896, to March 4, 1897, he 
served as Congressman from the Birmingham District, the first paleon- 
tologist to sit in the halls of Congress since the days of Thomas Jefferson. 

At the expiration of his term of office, he returned to Birmingham and 
to his coal interests. Largely through a quixotic sense of honor, he later 
met with financial reverses, and under an appointment by President Taft, 
he served as postmaster of Birmingham from 1911 to 1915. On July 3, 
1918, he was appointed Regional Adviser to the War Industries Board, 
and under Bernard Baruch gave his entire time as a dollar-a-year man 
until November 23, 1918. 

The stirring pioneer days in the coal industry were over, and the Hon. 
T. H. Aldrich had reached the age of 70 when he retired to the less active 
role of consulting engineer. 

In 1919 Gilbert Dennison Harris’s “Pelecypoda of the Saint Maurice 
and Claiborne Stages,” volume 6 of the Bulletins of American Paleon- 
tology, was dedicated “to the Hon. Truman H. Aldrich, who has con- 
tinuously maintained that true Conradian love for our Eocene Mollusca 
from the last days of that forgetful dreamer on into the twentieth 
century.” Truman Heminway Aldrich’s photograph shared the frontis- 
piece of the volume with those of Conrad, Lea, and Lyell. 

After Doctor Smith’s death in 1927, Walter B. Jones succeeded to the 
office. In 1930, thanks to the intelligent interest and appreciation of 
the young State Geologist, Truman H. Aldrich, after passing his eightieth 
year, received from the University of Alabama, in recognition of his great 
service in the industrial and intellectual development of the state, the 
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honorary degree of Doctor of Science, and from the State of Alabama 
an appointment as paleontologist on the staff of the Alabama Museum of 
Natural History. 

His collections, largely of his own making, and his library were at last 
fittingly housed in the new Smith Hall, dedicated to the memory of his 
lifelong friend. The museum’s exhibits will bear the lasting imprint 
of his careful study, and his name will be held in affectionate remem- 
brance by his young associates and by their children whom he loved. 

Only during the last years of Doctor Aldrich’s life could he count on 
his immediate environment for any stimulating appreciation or interest 
in his paleontologic studies. Yet he worked, as he lived, with gusto—a 
delightful companion, loving his friends, interested in people and events 
and generous in his judgments of them, viewing the world and himself 
with a philosophy too detached and too tolerant for self-pity, and with 
a never-failing humor which was perhaps the more enduring because it 
was hardened with a touch of irony. His love for his science alone fed 
the inner flame which burned clearly through his long life and is now 
a blazing torch to those of us who follow. 

Mr. Aldrich married first, Anna Morrison, of Newark, New Jersey. 
By this union there were three children, who survive him: Truman Her- 
bert Aldrich, Jr., of Birmingham; Mrs. Georgia Aldrich Herron, Cin- 
cinnati; and Mrs. Marie Aldrich Cravner, Biltmore, North Carolina; 
and two children, Morrison Aldrich and Anna Morrison Aldrich, both 
of whom died in childhood. 

He is also survived by the wife of his second marriage, who was Mrs. 
Helen Lee Harris, and four stepdaughters. These are Mrs. Mary Lee 
Franklin, Mrs. Ruby H. Smith, Mrs. Frances H. McDavid, Jr., Birming- 
ham, and Mrs. Eugenia H. Bate, Louisville. 

His grandchildren by the first marriage are John W. Herron, Truman 
A. Herron, Cincinnati; Eleanor Herron, New York; and Truman H. 
Aldrich, I1I, Birmingham; and two great-grandchildren, Mary Louise 
Aldrich and Scott Herron. 

By his second marriage there are six stepgrandchildren: Elizabeth 
Smith, Louise Franklin, Gene Franklin, Frances McDavid, Edmund R. 
McDavid, IV, and Mitzi McDavid. 
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MEMORIAL OF ALBERT PERRY BRIGHAM 
BY ARTHUR KEITH 1 


Our Society lost one of its finest characters when Albert Perry Brigham 
passed away, March 31, 1932, in Washington. Not only as an exponent 
of our science did he attain fame, but he stood forth in the eyes of all men 
as the embodiment of an upright and noble life. 

Brigham was born June 12, 1855, in Perry, New York, a small town 


1 Published with the permission of the Director of the U. S. Geological Survey. 
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named for the family of his mother. He was the son of Horace A. and 
Julia (Perry) Brigham. The heritage of simplicity and clear vision 
came to Brigham from his parents and their Colonial forebears, and it 
was treasured and increased by him. Simplicity was also inculcated in 
him by the community life in which he was reared. His neighbors knew 
well in their rural lives what privation and hardship were, and the young 
man was none the worse for having personal knowledge of such things. 
The sight of struggles with life inspired in him, as in all truly religious 
natures, a desire to help his fellow men through their times of adversity. 
Thus, the idealism of youth, the spirit that was born in him, and the 
visible need of his help, combined to crystallize the desire to enter the 
ministry, then the chief avenue of social service. 

Young Brigham entered Madison University (now Colgate) in 1875 
and graduated in 1879. As was usual in the colleges of those days, his 
course of study was prescribed with the idea of giving a liberal education 
upon which professional studies could be based. Conspicuous brilliancy 
was early shown by Brigham in his college work, not only in his studies 
but in his ability to communicate his knowledge by speech. With this 
equipment, he entered the Theological Seminary at Hamilton, New York, 
from which he graduated in 1882. In this year, he married Flora Wine- 
gar, of an old Amsterdam, New York, family, who was his steadfast help- 
meet throughout his life. 

Immediately after graduation he passed into his first pastorate, in the 
Baptist Church at Stillwater, New York. Conspicuous success attended 
him in his church work, as was to have been expected from his winning 
personality and his evident Christian earnestness. With the spirit of 
humility and service, with which he was imbued, he could not fail to win 
his way. Another pastorate was accepted by him in 1885, at Utica, New 
York, where he served six years, a vital force in religion and social service. 

Thus, the young minister was rapidly advancing on the life work 
that he had planned and for which he was so finely fitted. Unrealized 
by him, however, one of those contacts, seemingly so small, had taken 
place in his undergraduate days, and its sequel grew into conquering 
importance. W. R. Brooke, lecturer in geology at the university, gave 
a course in geology that Brigham attended. From this flint and steel 
was struck the spark that was to illuminate his mature life and the lives 
of many others. Perhaps, too, in his boyhood he saw the fossils in the 
rocks and trod the beaches of the vanished lakes and thought dimly that 


our earth was not always as it is. 
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During his pastorates in New York, Brigham spent his spare time 
in studies of the rocks and geography of the section. So rapid was his 
progress in the book of nature, without any further tutelage, that, in 1889, 
he made his first scientific publication. This paper, on the geology of 
Oneida County, was at once approved by the leaders in geologic science. 
It was characteristic of Brigham to study and to use the facts before him 
in his own country. These carried their story, and he made it plain; 
nor did he feel the need of journeys to far-off lands to find spectacular 
things. Nature was all about him, and its meaning should be learned 
and given to the world. Already his early churchly horizon was proving 
too restricted for him, and his view was expanding to a broader con- 
templation of his Maker’s work in countless aspects of nature. 

Then he took the inevitable step of giving up his pastorate and again 
attending school for further training. In 1891 he began a year of study 
at Harvard under such masters as Shaler and Davis, receiving his A.M. 
in 1892. If anything further was needed to confirm the change in his 
life’s program, the association with these men and his inspiration by 
them were more than sufficient. In the coming years, Brigham was to 
carry on this torch of inspiration and pass on to mankind in full the gift 
he had received. He returned to Colgate in 1892, as instructor in geology, 
and there he remained, with his home surroundings and people, and in 
his maturely chosen profession. 

The span of his life included two great wars and the complete remaking 
of the world in the machine age. To survey these things with compre- 
hension was given to Brigham as a geologist, geographer, and minister, 
and he saw the roots of it all in the hunger for more and more land and 
more and more temporal power. 

Brigham’s special field in science was the border zone where geology 
and geography unite. Just where, if anywhere, they divided was of little 
interest to him. He saw in them an unbroken chain of world processes, 
back to the beginning. At no time could he visualize an earth without 
volcanoes and granitic intrusions into the earth’s crust. Nor could 
he be blind to the upheaval of mountains in the past, to their wearing 
down into plains for the abiding places of life, to the shaping and re- 
shaping of land and sea by these agents. Permutations of these things, 
infinite in number, have made our earth what it is. The record was there, 
and Brigham saw and interpreted it to others. 

The adaptability of the earth to the needs of man became of more and 
more interest to him, which seems, in a way, a resurgence of his desire 
for service to man. His outlook was not confined to this, however, and 
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he keenly felt the call to learn and to expound the whole story. He taught 
all who came and wished to learn, and the teaching was not mere dry 
recital but a living thing that did explain. His winning address and 
his evident faith in, and mastery of, his subject contributed to his inspir- 
ing handling of it. Teachers and students, laymen, and the very young, 
all came, and none went away empty handed. “Let us go back to the 
causes of things, and let us prove that cause and effect are as they are”; 
that was his guiding star in science. 

In 1900, Brigham published his “Textbook on geology,” and in 1902, 
he was joint author with G. K. Gilbert of an “Introduction to physical 
geography.” These books stamped Brigham with the seal of high ap- 
proval and introduced him to a broad world of readers. Still another 
world of personal friends came to him through his connection with the 
founding of the Association of American Geographers, and his long and 
wise services as its Secretary (from 1904 to 1913) and as President in 
1914. Another and similar group of friends came to him through his 
thirty years’ connection as associate editor of the American Geographical 
Society, and in other capacities with this society. An international ex- 
cursion of geographers—the first—took place in 1912, across North Amer- 
ica. Brigham’s part in this was prominent, and his qualities of breadth 
and understanding meant much to the success of the undertaking. Again 
his field was widened, and his contacts extended across the seas. 

Meanwhile, his sphere of instruction grew and included summer courses 
of lectures at Harvard, Cornell, Wisconsin, Oxford, London, and other 
centers of learning. Scholastic honors came to him in appreciation of his 
work. His Alma Mater honored him with the degree of LL.D. in 1925, 
and Syracuse conferred the degree of Sc.D. on him in 1918. He became 
a Fellow of the Geological Society of America in 1893, President of the 
Association of American Geographers in 1914, Editor of the American 
Geographical Society in 1900, and he enjoyed membership in other sci- 
entific and educational groups. 

No small part of Brigham’s time was given to the education of mature 
geographers through his counsel in many groups that crystallized from 
the strong new flood of interest in physical geography. His service, in 
steadying this stream and in keeping it in contact with fundamental 
causes, was of permanent value and was not the least of his contributions 
to the human side of geography. Recognition of these services came on 
his 75th birthday, when the June number of the Annals of the Association 
of American Geographers was devoted entirely to tributes, dedicated to 


him by his colleagues. 
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Brigham’s home state claimed most of his research time, and gradually 
he concentrated upon the history and phenomena of the great Ice Age. In 
this study, too, he came into the rising tide of interest in the new branch 
of geology whose data came largely from geographic forms. His contri- 
butions to this subject were notable, and he utilized his good fortune 
in being placed in a crucial region for its study. Nowhere else are the 
forms and record of the late Ice Age more conclusive, and nowhere of 
more interest to man and more important in their impress upon his life. 
The burial beneath the glaciers and the grinding of the deep basins of 
the Finger Lakes, the giant glacial lakes drained from the melting ice, 
the terraces and plains of their former floors, their outlets, the flocks of 
ice-borne boulders from distant mountains, all these were in the picture 
that Brigham saw and interpreted to mankind. 

In 1930, Brigham became emeritus professor at Colgate, and soon 
was appointed “Consultant in Science” at the Library of Congress in 
Washington. In the same year, he was elected Vice-Chairman of the 
Division of Geology and Geography in the National Research Council. 
The writer’s intimate association with Brigham in these years impressed 
him, in even greater degree, with the man’s clarity and independence of 
thought. In 1930, Brigham was selected delegate from the United States 
to the centenary of the Royal Geographical Society, an honor of the 
highest importance. 

His family life at Hamilton was ideal, and his home was the center 
of a large group of friends—from the college, town, and student body. 
In this way, as well as through his teaching and writing, Brigham’s 
influence went out in ever-widening circles. He was ably supported in 
all ways by his devoted wife. Asa citizen, also, Brigham felt his responsi- 
bilities and took an active part in the temporal affairs of the town. These 
ties of many years standing were somewhat changed when Brigham came 
to Washington for the winters, in connection with his new duties. His 
wife came with him, and soon a new group of friends began to crystallize 
around him. In these new surroundings, he displayed again the qualities 
that made him always beloved and his counsel always desired. 

In this closing chapter of his life, his devotion to his wife and hers 
to him formed a fitting climax to a perfect union. His passing, in Wash- 
ington, was peaceful and happy, surrounded by his wife, his children, and 
his grandchildren. 

Brigham’s whole life and his dealings with men were marked by kind- 
ness, tolerance, and humility, and no one who looked into his eyes could 
fail to see there the true Christian love by which he charted his whole life. 


° "3 


MEMORIALS 


BIBLIOGRAPHY 


1888 


The geology of Oneida County. Transactions of the Oneida Historical Society, 
1887-1889, pages 102-118. 
1891 


Inorganic nature in the poem of Job. The Old and New Testament Student, 
August, 1891, 10 pages. 
1892 
A chapter in glacial history, with illustrative notes from central New York. 
Transactions of the Oneida Historical Society, 1889-1892, 13 pages. 
Rivers and the evolution of geographic forms. American Geographical Society 
Bulletin, volume 24, pages 23-43. 


1893 


The Finger Lakes of New York. American Geographical Society Bulletin, vol- 
ume 25, pages 203-223, 

Geology and scenery of New York. Syllabus of 10 lectures. Extension Depart- 
ment, University of State of New York, 21 pages. 


1895 


The composite origin of topographic forms. American Geographical Society 
Bulletin, volume 27, 13 pages. 

Drift boulders between the Mohawk and Susquehanna rivers. American Jour- 
nal of Science (8) volume 49, pages 213-228, maps. 


1896 


The new geography. Appleton’s Popular Science Monthly, April, 1896, 7 pages. 
Syllabus of five lectures on physical geography. Cook County Teachers’ In- 
stitute at University of Chicago, 7 pages. 


1897 


Lakes; a study for teachers. Journal of the School of Geography, volume 1, 
pages 65-72. 

Physical geography in secondary schools. Proceedings of the National Edu- 
cation Association, 5 pages. 

Reprinted in the School Review, October, 1897. 

Present status of the elective system in American colleges. Educational Review, 
November, 1897, 10 pages. 

Glacial flood deposits in Chenango Valley. Bulletin of the Geological Society 
of America, volume 8, pages 17-30, map. [Abstract.] American Geologist, 

volume 18, pages 229-230 (1896). 


GA 
312 


BIBLIOGRAPHY OF ALBERT PERRY BRIGHAM 313 


1898 


Topography and glacial deposits of Mohawk Valley. 29 pages. Bulletin of the 
Geological Society of America, volume 9, pages 183-210, map. [Abstract.] 
Journal of Geology, volume 6, pages 211-212 (1898) ; Science, n. s., volume 7, 
page 50 (1898). 

Note on trellised drainage in the Adirondacks. American Geologist, volume 21, 
pages 219-222, map. ; 

Preliminary report of common physical geography of the National Education 
Association. Journal of the School of Geography, September, 1898, 15 
pages. 

1899 


The Eastern Gateway of the United States. Geographical Journal. (London), 
May, 1899, 12 pages. — 
Reprinted in Herbertson’s “North America.” 


1900 


Glacial erosion in the Aar Valley. (Abstract with discussion.) Bulletin of 
the Geological Society of America, volume 11, pages 588-590. 


1901 


Textbook of Geology. D. Appleton and Co., New York, 477 pages. 
Suggestions to Teachers, accompanying textbook of Geology. D. Appleton and 
Co., New York, 75 pages. 
1902 


Introduction to physical geography (with G. K. Gilbert). D. Appleton and 
Co., New York, 380 pages ; 2nd edition, New York, 412 pages (1907). 
What shall the small college do? Educational Review, April, 1902, 7 pages. 


1903 


The Great River (the Mississippi). The World Today, January, 1903, 11 
pages. 
Geographic influences in American history. Ginn and Company, 366 pages. 
Published also in Chautauqua edition. 


Educational Unity in the United States. Formal discussion, Forty-first Uni- . 


versity Convocation. Regents Bulletin, number 61, 6 pages. 
Teachers’ guide and laboratory exercises (with G. K. Gilbert). D. Appleton and 
Co., 99 pages. 
1904 


The fruits of science teaching. Address before the Central Association of 
Science and Mathematics Teachers, School Science, January, 1904, 15 pages. 
Geography and history in the United States. Report of the Eighth International 
Geographical Congress, 8 pages. 
Also reprinted in Journal of Geography, October, 1904. 
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The geography of the Louisiana Purchase. Journal of Geography, June, 1904, 
9 pages. 
Good roads in the United States. American Geographical Society Bulletin, 
December, 1904, 15 pages. 
1905 


Students’ laboratory manual of physical geography. D. Appleton and Co., 
New York, 153 pages. 

The great roads across the Appalachians. Read at first meeting of the Associa- 
tion of American Geographers, Philadelphia, December, 1904, 19 pages. 
American Geographical Society Bulletin, J une, 1905. 

The character and limitations of geographic influence. Proceedings of the Third 
Annual Convention of Association of History Teachers, Middle States and 
Maryland, at New York University, March, 1905, 13 pages. Early interpre- 
tations of the physiography of New York State. [Abstract.] Science, n. s., 
volume 21, page 136. 

1906 


The fiords of Norway. Lecture before American Geographical Society. Ameri- 
can Geographical Society Bulletin, June, 1906, 12 pages. 
A Norwegian landslip. Geographical Society Bulletin, Philadelphia, October, 
1906, 5 pages. 
1907 


From trail to railway through the Appalachians. Ginn and Co., 188 pages. 
The Geography of New York. Supplement to Dodge geographies, Rand, Mc- 
Nally and Co., 4 pages. 
1908 


Preliminary report on glacial geology of Gloversville, Broadalbin, Amsterdam 
and Fonda quadrangles. Fourth Report of Director of State Museum, for 
1907. Museum Bulletin 121, 10 pages. 

The distribution of population in the United States. Read at Geneva, Ninth 
International Geographical Congress, Geographical Journal (London), 
October, 1908, 10 pages. 

1909 


Ontario High School Physical Geography. (Gilbert and Brigham’s Introduc- 
tion to Physical Geography, revised and partly rewritten by A. P. Brigham 
and A. P. Coleman). Morang Educational Co., Ltd., Toronto, 349 pages. 

William Morris Davis of Harvard University. Biographical sketch. In 
Geographen-Kalender Gotha (in German and English), 73 pages. 

The Winnipeg meeting of the British Association. American Geographical So- 
ciety Bulletin, December, 1909, 5 pages. 

Capacity of the United States for population. Popular Science Monthly, Sep- 
tember, 1909, 12 pages. 

1910 


The development of wheat culture in North America. Read at joint session of 
sections of Geography, Agriculture and Economics. Proceedings of the 
British Association, 1909, Winnepeg meeting. 
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Reprinted in Geographical Journal (London), January, 1910, 15 pages. 

Scenery, Soil and the Atmosphere. Popular Science Monthly, volume 76, pages 
570-580. 

The organic side of geography. Read at Association of American Geographers, 
December, 1909, American Geographical Society Bulletin, June, 1910, 11 
pages. 

1911 


Commercial Geography. Ginn and Company, 489 pages. 
Mohawk glacial lobe. [Abstract.] Bulletin of the Geological Society of 
America, volume 22, pages 725-726. . 


1912 


Remarks on Geography in America. Transcontinental Excursion of 1912. 
University of Virginia. Proceedings of the Philosophical Society, 1911- 
1912. 4 pages. 

1914 


Early interpretations of the physiography of New York. American Geographi- 
cal Society Bulletin, January, 1914, 11 pages. 


1915 


Memoir of Ralph Stockman Tarr. Annals of the Association of American 
Geographers, volume 3, pages 93-98. 

The new glacier park [near Syracuse, N. Y.]. Science, n. s., volume 41, page 611. 

History of the transcontinental excursion. Reprinted from Memorial Volume 
of American Geographical Society, 37 pages. 

Problems of geographic influence. (President's Address, Association of Ameri- 
can Geographers, December, 1914, Chicago.) Annals of the Association 
of American Geographers, volume 5, 23 pages. 


1916 


Essentials of geography (with C. T. McFarlane). American Book Company, 
first book, 266 pages; second book, 426 pages. 

The population of New York State. Read at joint meeting of Association of 
American Geographers and American Geographical Society, April, 1916. 
Geographical Review, September, 1916, 12 pages. 

Geography of New York. Supplement to “Essentials of Geography.” Ameri- 
can Book Company, 40 pages. 

1918 


A geographer’s geography lesson on the prairies. Journal of Geography, Jan- 
uary, 1918, 4 pages. 
1919 


Principles in the determination of boundaries. Read at joint meeting of Asso- 
ciation of American Geographers and Geological Society of America, Balti- 
more, December, 1918. Geographical Review, April, 1919, 19 pages. 

Geography after the war. Educational Review, April, 1919, 9 pages. 
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1920 


Geography and the War. President’s address, National Council of Geography 
Teachers, read at joint session with Association of American Geographers, 
St. Louis, December, 1910. Journal of Geography, volume 19, 13 pages. 

Report of the Committee on Geography, Education Congress, Albany, May, 
1919. American Education, March, 1920. 

Cape Cod and the Old Colony. Geographical Review, volume 10, number 1, 
pages 1-22, 1 figure. 

Partly reprinted in “Population and Resources of Cape Cod, Massachu- 
setts.” Department of Labor and Industries, pages 7-12, 1922. 

Cape Cod and the Old Colony. G. P. Putnam’s Sons, 284 pages, 35 illustrations. 

The present day demand for geography. Journal of Education, February, 
1920, and several other educational periodicals. 

The importance of geography, as shown by the Great War. Educational Con- 
gress, Commonwealth of Pennsylvania, November, 1919, Proceedings, Har- 
risburg. 1920. 

Results of the World War (with C. T. McFarlane). American Book Co., 82 


pages, 42 illustrations. 
1921 


The teaching of geography. Journal of the New York State Teachers Associa- 
tion, February, 1921. 

Memoir of Frederick Valentine Emerson. Annals of the Association of Ameri- 
can Geographers, volume 10, pages 149-152. 

A manual for teachers of geography (with C. T. McFarlane). American Book 
Co. 198 pages. 

Geographic education in America. Report of the Smithsonian Institution for 
1919, pages 487-496. 

1922 


A quarter century in geography. Journal of Geography, volume 21, pages 12-17. 

Environment in the history of American agriculture. Read before the History 
Teachers of New England at Clark University. Journal of Geography, 
volume 21, pages 41-49. 

Oxford after the War. New York Times, Sunday Magazine, November 5, 1922. 


1924 


American dependence on foreign products. Royal Geographic Society Journal, 
May, 1924, pages 412-425. 

The Appalachian Valley. Scotland Geographic Magazine, volume 40, number 
4, pages 218-230. Oxford University School of Geography. 

The Association of American Geographers, 1903-1923. Annals of the Associa- 
tion of American Geographers, volume 14, pages 109-116. 


1926 


Nationality in America. Rochester Theological Seminary Bulletin, November, 
1926, 15 pages. 
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1927 


Contributions of geography in senior high grades. Journal of Geography, 
volume 26, pages 165-174. 
The United States of America. Studies in physical, regional, industrial and 
human geography. University of London Press. Oxford University Press. 
308 pages. 
1928 


The valleys of New York and the American Revolution. Read before the New 
England History Teachers’ Association, Boston, December, 1926. Journal 
of Geography, volume 27, pages 15-23. 
Geology, Text of 1900 revised and enlarged by F. A. Burt. D. Appleton and 
Co., 554 pages, 313 figures. 
1929 


The glacial geology and geographic conditions of the Lower Mohawk Valley. 
Survey of the Gloversville, Broadalbin, Amsterdam, and Fonda quad- 
rangles. Bulletin 280, New York State Museum, pages 135, 70. 

Geography as a cultural factor in education. Proceedings of the Ninth Educa- 
tional Conference, Ohio State University. 


MEMORIAL OF BENJAMIN KENDALL EMERSON 


BY FREDERICK B. LOOMIS 


Benjamin Kendall Emerson was born December 20, 1843, in Nashua, 
New Hampshire, the son of Benjamin F. and Elizabeth (Kendall) Emer- 
son, and died at Amherst, Massachusetts, April 7, 1932. His father was a 
lawyer, a graduate of Dartmouth College, as was also Professor Emerson’s 
brother. After his primary school education in his home town, he was 
sent to Tilton Academy, in Vermont, to prepare for college. While here 
he heard of Edward Hitchcock and his finds of fossil footprints and de- 
cided that he wanted to go to Amherst College and study under Hitchcock. 
This he did, at least as far as going to Amherst, but while he was still a 
lower classman Hitchcock retired, and the only two lectures Emerson 
heard from him were on phrenology. Just as he was about to enter 
Amherst the family met with financial reverses so that young Emerson 
had to get through college on inadequate funds, boarding himself in his 
freshman year and picking up any work possible. 

He was graduated with distinction and went immediately to teach in 
Groton Academy (not the present school) where he taught the sciences, 
especially chemistry and zoology. While there he saved the funds to take 
him to Germany for university work in geology. He studied first in Ber- 
lin, completing the work for his Ph.D. in Gottingen. For one incident, in 
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particular, he was long remembered. There was a “bone bed” near the 
university, which was visited annually by the classes until Emerson did so 
thorough a job in it that there was no longer any “bone bed” for later 
classes. 

On returning to Amherst, Emerson was appointed Instructor in Geology 
and Zoology, these two subjects being united to give students a year’s work 
in natural history. When he began his work C. U. Shepard was still 
Professor of Natural History. The arrangement was a peculiar one, for 
Shepard was also teaching medicine in the University of South Carolina, 
being one term at Amherst and one at South Carolina. The rest of the 
time was devoted to collecting minerals. His great collection was at 
Amherst College, which had agreed to furnish a fireproof place for it and 
buy it when he retired. Emerson’s course included a place for Shepard to 
lecture on his minerals. In 1872 Emerson was advanced to the rank of 
Professor. The section of zoology was taken over in 1881 by Professor 
Tyler, and then Emerson became Professor of Geology and Natural Theol- 
ogy, the professorship he held throughout the rest of his teaching. In 
1877 Shepard retired, and the college fulfilled its agreement by paying 
his family $40,000, the maximum amount of its liability, for the mineral 
collection. For want of working room, the collection was moved to the 
top floor in Walker Hall, and Emerson began to catalogue and rearrange 
it for exhibition. In preparation for this, as the cases were open a great 
deal, he placed the gems and rarest specimens in a great safe, built into 
the wall. In the midst of this work, in 1882, Walker Hall took fire, and 
flames filled the interior almost at once. Emerson used to say that, as he 
ran from his home to the fire, he recognized, from the colors of the flames, 
the destruction of one group after another of the minerals. From the 
ashes a few minerals were recovered, and those in the safe came through 
unharmed ; but the great bulk of the collection was destroyed. In 1887 
Doctor Shepard’s son presented the college with such minerals as his 
father collected after his retirement ; but one of the dominating influences 
throughout Emerson’s career was his desire to restore the mineral collec- 
tion to its former eminent position. This he did, partly by his own collect- 
ing and exchanges, and partly by developing a group of supporters to whom 
he turned whenever unusually fine specimens appeared in the market. The 
Shepard Collection of Meteorites had also been in the safe. It interested 
Emerson particularly, and he steadily increased it until, when he retired, 
it was one of the outstanding collections of the country, though but little 


advertised. 
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In 1873, Emerson married Mary Annette Hopkins by whom he had 
six children, all of them still living. One son is a prominent physician ; 
the other, a mining engineer ; three daughters are married. There are ten 
grandchildren living. Mrs. Emerson died in 1895, and in 1901 he mar- 
ried Anna H. Seeley who, together with their two children, a boy and a 
girl, also survive him. 

In 1879, Smith College organized a department of geology, and Emer- 
son gave all the lectures, driving the seven miles over to Northampton 
three afternoons a week. As the department grew he added assistants but 
remained head of the department. In 1881, he turned the teaching at 
Smith over to his assistant, John M. Clarke, who carried it for three years. 
Emerson then resumed this work, carrying it until 1912. He also began 
the presentation of geological study in the Massachusetts Agricultural Col- 
lege in 1885, but this work continued only a short time as changes of 
administration changed the courses. 

In 1890, Emerson was made Assistant Geologist on the United States 
Geological Survey, being promoted to Geologist in 1906, and continuing 
the work until 1920. He had already done some work in the geology of 
the Amherst region, but on receiving this appointment began vigorous 
study of the Connecticut Valley and the adjacent highlands. Pioneer 
work had already been done in this region by Hitchcock, but from the time 
of Emerson’s appointment a steady stream of papers appeared on local 
problems, culminating, in 1898, in “The Geology of Old Hampshire 
County,” published as Monograph 29 of the United States Geological Sur- 
vey, and followed shortly by Folio 50 on the Holyoke Quadrangle. These 
publications brought the material on the Connecticut Valley a long way 
forward. Emerson traced the continuity of the lava sheets, measured the 
thickness of the conglomerate beds, and determined the ages of the meta- 
morphic rocks on either side of the valley; though he still thought of the 
sandstones as occupying a graben, and laid down by an arm of the sea. 

While this work was under way, in the late summer of 1893, Emerson 
was in a railroad wreck and was injured so badly that the morning 
papers (assured he could not live) published his obituary. As soon as he 
could get about he started on a trip around the world, the rest of the party 
being made up of George Pratt, who had just graduated, his mother and 
sister. From this trip they brought back a large number of minerals, 
especially Chinese jades and Persian turqueises, which were added to the 
Amherst mineral collection. 
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In 1897, elected Vice-President of the International Geological Con- 
gress, Emerson went to the meeting in St. Petersburg, partook of the 
famous mastodon dinner, and went on the excursion through Siberia. On 
this excursion he was also with Nansen on the Fram in a visit to Norway. 

Emerson was one of the 25 scientists invited to go on the Harriman 
Expedition to Alaska in 1899. Because of his presence Amherst and 
Smith appear among the College Group of glaciers emptying into Harri- 
man Fiord, discovered and named at that time. His experiences and the 
photographs taken on this expedition played an important part in his 
discussions of glaciers with his students. He wrote the section on geology 
in volume 4 of the expedition reports. . 

Though thus active in many outside affairs, Emerson was fundamen- 
tally a teacher of geology and particularly successful in the work. His 
originality, independence, and enthusiasm in presenting the subject made 
his courses popular among the more studious, but he was an enigma to 
those seeking easy credits, for he expected his students to work out their 
own salvation in matters of detail and routine, while he presented the 
changing thought and applications of the subject. His success is partly 
expressed in the considerable number of his students who went into 
geology as a profession. Among his students who became members of the 
Geological Society of America should be listed: 

Whitman Cross (class of 1875), John M. Clarke (1877), James F. 
Kemp (1881), Horace B. Patton (1881), Frank L. Nason (1882), Jo- 
seph H. Perry (1882), William B. Clark (1884), Adam C, Gill (1884), 
Frederick B. Peck (1886), Eugene T. Allen (1887), Rufus M. Bagg 
(1891), Henry 8. Gale (1891), Jay B. Woodworth (1891), George B. 
Shattuck (1892), Frederick B. Loomis (1896), George R. Mansfield 
(1897), and Thomas C. Brown (1904). 

Tn addition, numerous students went into mining, like his son, Edward 
H. Emerson (class of 1897), or into teaching, like Ralph W. Whipple 
(class of 1914). 

Emerson was an original Fellow of the Geological Society of America, 
and regular in his attendance at the meetings from 1889 until recent 
years, when traveling brought on throat troubles and made it difficult for 
him to attend. For several years, in the nineties, he was toastmaster at the 
annual dinner, his humor and repartee delighting his fellow members. 
In 1897 he was made second Vice-President; the next year, first Vice- 
President, and in 1899 was elected to the Presidency. 
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He was also a member of various other societies: The American Asso- 
ciation for the Advancement of Science (Vice-President in 1896), the 
American Geographical Society, Deutsche Geologische Gesellschaft, So- 
ciety of Naturalists of Eastern United States, Washington Academy of 
Sciences, the American Philosophical Society, Phi Beta Kappa, and 
Alpha Delta Phi. 

To those who knew Emerson, his importance was not in his achieve- 
ments—considerable though they were—but rather in his rare personal- 
ity. He was independent in thought and action, with the courage to follow 
wherever his thinking took him. In all matters which concerned his work 
he took a masterful leadership. He was tolerant of others and humorous 
in his way of expressing himself. He was positive, sometimes almost 
brusque, in stating where he stood, but extremely kind in action. He had 
unusual ability, and when at work was able to concentrate to an unusual 
degree, having an absent-mindedness which became famous. Indifferent 
to formality, he was fond of companionship and social gatherings and 
was always the center of any group. His friendship was highly prized 
by men in all walks of life; it was given to many, but never indiscrim- 
inately. He was an omnivorous reader, keeping up his work with the 
classics all through his life. Professor Emerson left his library to his sons, 
and they presented it to the Department of Geology of Amherst College, 
so that the wealth of literature in which he browsed will continue to in- 
fluence students in years to come. His figure, striding over the country 
at a pace few could maintain, was a familiar one for many miles around 
Amherst. 

Emerson belonged to that school, broadly trained, widely acquainted, 
democratic in spirit, which made an aristocracy that is the backbone of 


American culture. 
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MEMORIAL OF ADAM CAPEN GILL 
BY GILBERT D, HARRIS 


Adam Capen Gill was born at Chesterfield, Maine, August 22, 1863, 
and died suddenly at his home, 403 Wyckoff Avenue, Ithaca, New York, 
on the eve of Election Day, November 8, 1932. On his maternal side, he 
was a descendant of Bernard Capen, “admitted freeman” in 1636, who 
settled in Dorchester. The Gills, however, though likewise arriving in 
Massachusetts in the seventeenth century, settled at Canton. 

The boy, Adam, fifth in a family of eight children, was reared in North 
Bridgewater (now Brockton). Here he attended public school, being 
valedictorian of his class. He early showed a keen interest in natural 
sciences, but while at Amherst, where he was graduated in 1884 with the 
degree A.B., was next to the head of his class in mathematics. Much 
reading was out of the question as his eyesight was never good ; but, as a 
classmate remarks, “perhaps this was a blessing in disguise, for it may 
have contributed to his remarkable ability to think patiently and aec- 
curately.” Professor Emerson’s influence on the young men with natural 
science tendencies can be seen in the “geological survey” of part of the 
Mount Holyoke Range, carried on, under his direction, by the young 
classmates, Gill, Noyes, and Thompson. The late W. B. Clark, of Johns 
Hopkins University, was a member of the same class. 

While still under twenty-one years of age Gill was appointed professor 
of mathematics in Park College, in Missouri, though he had also to teach 
geology and biology. The incorporation of evolutionary principles in his 
biologie teaching was scarcely appreciated at that place at that time, and 
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after two years of teaching experience he entered the graduate school of 
Johns Hopkins University where he studied mineralogy under George 
Huntington Williams. Leaving Johns Hopkins he went first to Leipzig, 
and then Munich, where he found surroundings most congenial and where 
he received the degree of Ph.D. in 1893. His “Inaugural Dissertation,” 
as printed for the occasion, is entitled “Beitraege zur Kenntniss des 
Quartzes.” 

Early in 1894 Cornell University decided to broaden its work in earth 
sciences, and in the place of the former professorship in geology, have, at 
first, three assistant professorships, which were assigned as follows: Min- 
eralogy, A. C. Gill; Physical Geography and Dynamic Geology, R. 8. 
Tarr; Paleontology, G. D. Harris. It was then that the writer became 
acquainted with Professor Gill, and from that time until the day of his 
death our relations as colleagues and neighbors were most intimate and 
most cordial. 

He followed closely the mineralogical and crystallographic literature, 
especially of the Old World, and was universally admitted to be one of 
our keenest critics in these branches in the New World. 

During the World War he was sent by the United States Geological 
Survey to Alaska to report upon the chromite deposits of that territory. 
The results of that work are condensed in the bulletins of that organiza- 
tion as noted in the bibliography which follows. 

At an earlier date he had carried on mineralogic investigations in Mex- 
ico and had accompanied an expedition to Greenland whence he obtained 
valuable laboratory material. 

In spite of many requests from friends and former students that he 
assemble in form for publication the subject matter of his lectures in order 
that a wider circle of students might now and hereafter enjoy the ad- 
vantage of that ease of approach and clarity of vision for which these 
were famous, no master of mineralogy, unless it were the great Werner 
himself, was ever more chary of written words. 

In 1910 Doctor Gill’s rank was raised to that of a full professor, and in 
June, 1932, he was made Emeritus Professor of Mineralogy and Petrology. 
Since retirement from active service he had consented to prepare a treatise 
on crystallography and had completed several chapters, but the end came 
too soon for the carrying through of the entire project. 


For the world of science, his monument will be the army of keen intellects 
he has helped along in the process of rigorous thinking; for us, as neigh- 
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bors, the memory of one who shared his fruits and flowers, and who 
started early enough in the morning to university duties to be able to call, 
without fail, on whomsoever might be in distress or need. 

At the time of his retirement from active service, many letters were re- 
ceived from former students, and though the wording may differ, all 
agree on practically what the one which follows expresses : 


“To countless others, doubtless, Dr. Gill stands out, as he does to me, one of 
the most effective and inspiring of teachers and one whose influence was most 
controlling on my own ideals and decisions. His power has not come from 
superficial accomplishments deliberately cultivated. There was never a hint 
of elocution in his presentation, no striving for the dramatic in his choice of 
subject or manner of attack, no captivation by fads. On the contrary, his 
success in imparting knowledge springs directly from his own ever fresh and 
insatiable desire to know, his clear and rigorous thinking, and his characteristic 
of simple directness. 

“He is a scholar in the truest sense, prizing learning for itself primarily and 
not for the sake of displaying it. While fully and sympathetically aware of 
the priceless contributions of pure science to practical life, it has been his 
nature to insist that first of all the science must be genuine and that conclusions 
must not be warped or hurried because practical application and monetary 
reward beckon insistently. 

“Although he has contentedly dedicated the energies of his life to a specialized 
field of science, there is nothing narrow in the man. To those who had oppor- 
tunity for close and sustained contact with Dr. Gill, have been revealed not 
only a surprising breadth of interest and familiarity with fields of learning far 
beyond the limits of his own science but also a very penetrating understanding 
of human nature.” 


Professor Gill was married in the fall of 1895 to Miss Ella Eaton 
(Smith College, A.B.). After constructing their residence on Wyckoff 
Avenue, it became the mecca for all former students in mineralogical sub- 
jects. There, in the ample hall before the cheerful fireplace in the winter 
or in the shade of trees in sight of bird-baths and gorgeous flower gardens 
in the summer, the new developments in earth science were critically 
weighed, their meaning to humanity defined, while strong bonds of true 
friendship were re-strengthened. 


BIBLIOGRAPHY 
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Note on some minerals from the crome pits of Montgomery County, Maryland. 
Johns Hopkins University, Circular 75, pages 100-102. 
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1895 


Geological sketch of the Sierra-Ilayacac in the state of Morelos, Mexico. [Ab- 
stract.] American Geologist, volume 16, pages 240-241. Science, n. s., 
volume 2, page 280. 

1896 

General notes—mineralogy and crystallography. American Naturalist, vol- 
ume 30, pages 932-936. Under “Mineralogy,” American Naturalist, volume 
31, 1897, pages 1045-49 are notes credited (United States Geological Survey, 
Bulletin 746, page 402) to Professor Gill. 

Beitraege zur Kenntniss des Quartzes. Inaugural-Dissertaton der Hohen 
Philosophischen Facultaet der Kgl, Bayerischen Ludwig Marimilians- 
Universitaet zu Muenchen Behufs Erlangung der Doctorwurde Vorgelegt 
von A. Capen Gill. 

1913 


‘Conventional position of monocline crystals; a question in crystallographic 
usage. Science, n. s., volume 37, pages 628-629, 


1918 


Notes on the hydration of anhydrite and dead-burned gypsum. Journal of 
American Ceramie Society, volume 1, pages 65-67 (with discussions ). 


1919 


Preliminary report on the chromite of Kenai Peninsula, Alaska. United States 
Geological Survey, Bulletin 712, pages 99-129, 3 plates, maps. Abstract by 
J. D. Sears, Washington Academy Science Journal, volume 10, number 18, 
1920, page 522. 
1922 
Chromite of Kenai Peninsula, Alaska. United States Geological Survey, Bul- 
letin 742, pages 1-52, 4 plates, maps. 


MEMORIAL OF ULYSSES SHERMAN GRANT 
BY H, FOSTER BAIN 


Ulysses Sherman Grant was born February 14, 1867, at Moline, Illinois, 
and died September 21, 1932, at Evanston, in the same state, following an 
operation for stomach cancer. His father was Major-General Lewis Addi- 
son Grant, a distant cousin of the great general of Civil War fame. It 
was characteristic of the impress that struggle made on the minds of those 
who took part in it that young Grant was given the names of the two 
most famous northern generals. His own father was distinguished in 
public service in peace as well as war, occupying through President Harri- 
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son’s administration the position of Assistant Secretary of War. Grant 
had love of country strongly implanted in his earliest years. 

While he was still a young boy, the family moved to Des Moines, Iowa, 
where he grew to manhood. It was while here that the traits and interests 
which came to mold his whole life first became evident. In company with 
Charles R. Keyes, then a fellow high-school student, he roamed the prairies 
and stream banks around Des Moines and collected shells. Indirectly 
from this early interest of the two boys came finally determinations of 
loess fauna which have been most helpful in fixing the climate of certain 
interglacial periods. From this early interest Grant received the strong 
bent toward science which led him, while an undergraduate at the Univer- 
sity of Minnesota in 1884-1888, to specialize in biology and won for him 
his first considerable honor, a fellowship in zoology at the university, 
which he held in the year following graduation. While at the University 
of Minnesota he became connected with the Geological and Natural His- 
tory Survey of that state, devoting several summers to field work in its 
service. Here another strong influence came into his life. Surveying, 
camping, packing, and travel by canoe developed that love of the woods 
which was a permanent factor in his life. The still waters of the northern 
lakes, the tall green pines, and the cool, white stars above, brought to him 
always a healing and a peace. Throughout his life he returned, year after 
year to the northern woods, and it is not altogether fanciful, I am sure, 
to feel that from communion with them came his characteristic capacity 
to wait, to reserve judgment, to take time to think before committing 
himself to a decision. 

Grant graduated from the university when 21 years old and after his 
year as fellow went to Johns Hopkins, expecting to continue his studies in 
biology. After conference with the members of the faculty of that school 
he changed his plans and made geology the major subject of his graduate 
studies, with biology the minor. He remained in Johns Hopkins three 
years, working each summer on the Minnesota Survey. He won the fel- 
lowship in geology two years and received his doctorate in 1893, being 
then 26 years of age. He had married, in 1891, Avis Winchell, daughter 
of N. H. Winchell and niece of Alexander Winchell. Mrs. Grant was at 
the university with him two years, and it was inevitable that, with such 
family ties reinforcing his own inclinations, he should have swung more 
and more from biology to geology. Another powerful influence in his 
life, as in that of a number of those who have played a leading part in 
geology in the United States in the past quarter of a century, was the en- 
thusiasm and remarkable teaching ability of George Huntington Williams, 
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then professor of geology at Johns Hopkins. Williams died too young to 
influence geologic thought greatly, though not too young to show the 
quality of his work. It was as a teacher that he made his impress, and 
even an incomplete list of the men who studied under him, including 
F. D. Adams, W. H. Hobbs, W. 8. Bayley, E. B. Mathews, George Otis 
Smith, S. W. Beyer, A. C. Spencer, Florence Bascom, A. G. Leonard, and 
many others, will make clear how truly a good man’s influence lives after 
him in the lives of others. Williams taught accuracy as well as enthusiasm, 
and he had the ability to make alive the dullest subject. His interest in 
the crystalline rocks was passed on to his pupils, and Grant went back to 
Minnesota, not only excellently trained to make the most of the oppor- 
tunities which came to him to study in the Lake Superior region—that 
great training ground of geologists—but with firm conviction of the im- 
portance of the work before him. He spent six fruitful years in Minnesota 
as assistant and acting State Geologist, as a teacher in the university, and as 
one of the editors and, during a vear’s absence of Professor Winchell, 
acting Chief Editor of the American Geologist. In all these capacities he 
made his mark. 

His work in Minnesota, naturally, concerned mainly the crystalline 
rocks. It covered both mapping and petrographic and structural studies, 
and it inevitably gave him contact and training in economic geology, to 
which in later vears he devoted much of his professional efforts. The 
greater part of his studies is summarized in volumes IV and V of the 
Final Reports of the Minnesota Survey, but there were also special 
reports on the iron ranges, the Rainy Lake goldfields, the northern 
equivalents of the Michigan copper-bearing rocks, and the first of his 
studies of the Pleistocene glacial drifts. In some of this work he was 
alone, and in other studies he was associated with his chief, N. H. Win- 
chell, or with H. V. Winchell, or other members of the staff. 

In 1899 Grant accepted a call to Northwestern University, with which 
he remained as head of the Department of Geology and Geography until 
his death. At the university he succeeded Oliver Marey, the pioneer 
geologist, and found A. R. Crook and the nucleus of a department already 
in being. Northwestern was then but a small school, the total enrollment 
of students being no more than in later years studied in Professor Grant’s 
department alone. It was, though, a growing school, and he found there 
congenial association and delightful living conditions. His four children, 
Addison, Lois, Avis, and Willard, all of whom, with his widow, survive 
him, grew up in Evanston, and three of them graduated from North- 
western. The Grant home was always a center of good living in the 
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best sense of those words. Grant wisely determined that for this uni- 
versity the field in geology lay in its teaching as a cultural subject, and, 
while in his long years there he gave sound training to a small group of 
men who have made names for themselves in geology, his larger in- 
fluence was on the hundreds who passed through his classes with no ex- 
pectation of becoming professional geologists. He made a deep im- 
press on them and their lives, an impress due to his character as well 
as to the fascinations of a great subject adequately presented. 

Important as Grant regarded his work as a teacher, and faithful as 
he always was to his duty to the university and the students, no mere 
routine could absorb his energy, and throughout the period of his life at 
Evanston he kept up his professional work in geology. He was con- 
nected at various times with the Wisconsin Geological and Natural His- 
tory Survey, the State Geological Survey of Illinois, the Oregon Bureau 
of Mines and Geology, and also did work for numerous corporations 
and private clients. In a large measure his work is reflected in his 
writings, listed following, for he took seriously the responsibility of a 
geologist to contribute to his science through its literature. A few of 
his contributions demand special notice. 

For the Wisconsin Survey, he made a study of the southwestern ex- 
tension of the Michigan copper-bearing rocks at a time when there was 
a local expectation of finding ores in the area, and he presented a much 
needed and accurate statement of the facts when it was a temporarily 
thankless task to do so. For the same organization he made a detailed 
resurvey of the lead and zinc fields of the southwestern part of the state, 
including a series of detailed structural maps whose accuracy and value 
have been repeatedly proven in the years since. He was the first actually 
to map out the small, but significant, structural basins in which the ore 
deposits lie, and I believe I am correct in saying that, as yet, no deposit 
of value has been found in the region outside such a basin. Later, with 
one of his assistants, M. J. Perdue, he extended these surveys to cover an 
adjacent area in Illinois. 

For the United States Geological Survey, assisted by E. F. Burchard, 
one of his pupils, he mapped the Mineral Point and the Lancaster quad- 
rangles and furnished reports on them. For the Alaska Division of the 
Survey, during three summers, he made studies of the Prince William 
Sound region and the Kenai Peninsula. Here he was dealing with crys- 
talline and metamorphic rocks and with ore deposits of types for which 
his work in the Lake Superior region gave him especial competence, and 
his contributions to the knowledge of the region were sound and substan- 
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tial. The glaciers attracted him, all the more because of his previous 
experience with the drift of the prairie states, and with D. F. Higgins, 
another of his pupils, he wrote informingly of them. In Oregon, again 
assisted by a pupil, G. H. Cady now of the Illinois Survey, he studied 
the Baker district of the eastern part of the state and prepared a succinct 
and informing report. 

Professor Grant’s private work ranged wide both as to area and sub- 
ject. In the main, it was the usual work of advising on purchase or de- 
velopment of properties, but he was also of the staff of the Anaconda 
Copper Mining Company as expert in some of its lawsuits, and, in later 
years, he oversaw the development of adequate supplies of natural gas 
for one of the public utility group. All this work he carried on in addi- 
tion to teaching and to considerable activity in church and civic organiza- 
tions. He was an active member of various professional societies—Fel- 
low, member of the Council, and Vice-President of the Geological Society 
of America; member of the American Institute of Mining and Metallur- 
gical Engineers and of the Society of Economic Geologists; a founder of 
the Illinois Academy of Science; an early member of the American Asso- 
ciation of Petroleum Geologists ; Vice-President of the American Associa- 
tion for the Advancement of Science; and active in the work of the 
National Research Council. 

Grant’s geological work covered a wide range but centered mainly in 
the crystalline rocks and their ores. He was a faithful, accurate ob- 
server and recorder. His statements were concise and clear. He was not 
given to wandering widely in the field of theory. His interpretations were 
pragmatic, with full and constant recognition that additional observations 
might require change and that others might interpret the same facts 
differently. But his conclusions were none the less firm from having been 
reached deliberately. He was a thoughtful scientist and a most considerate 
professional man. 

Grant was a man of broad, human sympathy, who unobtrusively built 
himself into the lives of many students and associates. Considerable as 
were his contributions to science, his contributions to life were greater. 
I can not reflect the man better than by repeating a quotation from Alfred 
Noyes, “Watchers of the Sky,” which he had copied into the little pocket 
note book he had always with him: . 

“And how I told you that this work of ours 
Would lead to victories for the coming age. 
The victors may forget us. What of that? 
Theirs be the palms, the shouting and the praise; 
Ours be the fathers’ glory in the sons.” 
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MEMORIAL OF ERASMUS HAWORTH 


BY RAYMOND C. MOORE 


Erasmus Haworth was born on a farm in Warren County, south-central 
lowa, April 17, 1855. His father was a Quaker minister, member of a 
family prominent in the history of Nantucket Island. The home back- 
ground of young Haworth, like that of his two brothers and three sisters, 
combined a strong religious outlook on life with sturdy reliance on the 
practical worth and dignity of hard labor. At the age of eleven, Erasmus 
moved with his parents to Cherokee County, Kansas, in the southeastern 
corner of the state, and for ten years he assisted with work on the farm 
near the town of Galena. After completing the studies offered by the 
district school, he joined some other young men of the neighborhood hold- 
ing a school of their own, in which subjects of higher education, such as 
algebra, geometry, English literature, and the like, were taught by one 
of the number, who acted as volunteer instructor. During one winter this 
“school” was assisted by an older man who had been away somewhere to a 
college for a time. 

In 1876, at the age of twenty-one, Erasmus Haworth entered the pre- 
paratory department of the University of Kansas, and although the 
faculty and equipment of the university of that day were indeed small, 
measured by present standards, the ambitious student had a real oppor- 
tunity for sound training. Haworth was compelled to work his way 
through school, doing janitor service and other tasks to help pay expenses. 
He roomed with a lad named Charles Sterling, who later become Professor 
of Greek at the University of Kansas and has recently completed fifty 
years of teaching at his alma mater. Requirements for graduation from 
the university were completed in 1881 when Haworth received the Bache- 
lor of Science degree. To Professor F. H. Snow, later chancellor of the 
University, who for many years taught geology and other natural sciences 
at the University of Kansas, is apparently due the influence that led young 
Haworth to a career in geology. Graduate study was undertaken, which, 
in 1884, brought him the degree of Master of Science from the University 
of Kansas. 

In 1883, Haworth was elected a member of the faculty of Penn College, 
in Oskaloosa, Iowa. Subsequently, on leave of absence, he undertook com- 
pletion of graduate studies in geology at Johns Hopkins University, 
receiving the Doctor of Philosophy degree from that institution in 1888. 
The following year he was married to Ida EK. Huntsman, of Oskaloosa, 
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Opportunity came in 1892 to return to the University of Kansas as 
Professor of Physical Geology and Mineralogy. So Doctor Haworth left 
Penn College and took up the work as teacher and investigator of Kansas 
geology for which he is chiefly known. He became State Geologist of 
Kansas in 1894, by appointment of the chancellor of the university, and 
held this position until 1915 when he relinquished this portion of his 
work to his colleague, W. H. Twenhofel. In 1920, after more than a 
quarter of a century in charge of geologic work at the University of 
Kansas, Professor Haworth resigned in order to give his entire time to 
commercial work in petroleum geology. 

Professor Haworth was an Original Fellow and life member of the 
Geological Society of America, a life member of the Kansas Academy of 
Science, a member of the honorary fraternities, Sigma Xi, Phi Beta 
Kappa, and Sigma Gamma Epsilon, and of the social fraternity, Beta 
Theta Pi. 

To the Haworth home came four children, Henry Huntsman, Paul 
Eugene, Rose Elizabeth, and Margaret Josephine, all of whom survive. 
Mrs. Haworth died at Wichita, Kansas, March 2, 1931. This death was 
a devastating blow to her husband, who shortly left Kansas to reside with 
his son, Paul, in Washington, and his daughter, Rose, in Ridgewood, New 
Jersey. Professor Haworth became ill during the summer of 1932, and 
apparently realizing that the close of his life was near, desired to return 
to Kansas. This he did, and a few days after reaching Wichita, died 
peacefully, November 17, 1932. 


Erasmus Haworth was a scientist who made important contributions to 
American geology. He was a successful teacher, who not only trained 
many young men for a professional career in geology or mining, but gave 
to many hundreds of university students some knowledge and a lasting 
interest in the subject matter of geology. He was a man of broad under- 
standing and ready sympathies. These qualities, coupled with his un- 
failing geniality and his wide interest in university and public affairs, 
brought him into contact with many outside the classroom in geology. 
Among colleagues of the university faculty, members of the student body, 
and a host of citizens of Kansas, he was one of the most liked men at the 
university. As a public official, he exercised large influence in affairs of 
the state. The number of his friends and acquaintances was surprisingly 
great. His home life was very happy, for in addition to performing almost 
ideally the duties of husband and father, he and Mrs. Haworth made their 
home noted for its ready and cordial hospitality. 
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Doctor Haworth was an active and enthusiastic research investigator, 
and the unusual productiveness of his studies is shown by the hundreds of 
pages of published papers that came from his pen. This scientific work 
falls somewhat naturally into three divisions, based both on the subject of 
his work and on the history of his career. It is interesting to note that 
these divisions coincide closely with ten-year periods. 

Scientific studies in the first decade of the young Haworth’s work, 
from 1881 when he graduated until 1892 when he returned to the univer- 
sity as a teacher in geology, were devoted mainly to the fields of mineralogy 
and igneous petrology. This work included especially studies of the lead 
and zinc minerals of his home region in southeastern Kansas and investiga- 
tions for the Missouri Geological Survey of the crystalline rocks of the 
St. Francis Mountains area in the ceritral Ozark highland. 

The second period of Doctor Haworth’s research shows emphasis almost 
wholly on stratigraphy, and to a lesser degree on the areal geology and 
physiography of Kansas. This is obviously an outgrowth of the beginning 
of active geological survey work in Kansas. The state legislature had, in 
1889, authorized the establishment of a Geological Survey under auspices 
of the University of Kansas, the Chancellor of the university to serve ex 
officio as director of the Survey and the State Geologist to be a member of 
the staff of the Department of Geology at the university appointed by the 
Chancellor. 

Aided by a few advanced students, Doctor Haworth began field work 
on the then practically unknown features of the geology of the state, 
results of the studies being published in the Kansas University Quarterly. 
In 1894 Doctor Haworth was appointed State Geologist, and in 1896 there 
appeared the first of the nine large volumes that constitute the publica- 
tions of the Haworth Survey. Many of the stratigraphic names that are 
now commonly used in Kansas, Oklahoma, Missouri, Nebraska, and Iowa 
were introduced by Haworth during these years. With Broadhead’s work 
in Missouri, this laid the groundwork for detailed studies of Pennsyl- 
vanian and Permian stratigraphy in the northern Mid-Continent region. 

In addition to papers by Haworth and assistants on stratigraphic sub- 
jects, there are two large volumes of paleontology, the work mainly of 
Williston, Logan, and Beede. The two papers dealing with crystalline 
rocks in Missouri, which appeared in the early years of this decade, are 
really delayed publications belonging to the preceding period of his work, 
for after returning to Kansas in 1892 Haworth did not undertake active 
work elsewhere. A few short papers, dealing with subjects in economic 
geology, were written at this time. These serve to link the second stage 
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of Doctor Haworth’s work with the third which was mainly devoted to 
economic geology. 

The third period, from about 1897 to 1908, is marked by the appearance 
of numerous papers dealing with subjects in economic geology. Oil and 
gas began to receive major attention, but along with this work are several 
reports dealing with underground waters, the lead and zine resources of 
Kansas, coal, and reports on the Independence and Iola districts. A 
special report on oil and gas published in 1908 is perhaps the magnum 
opus of Haworth’s contributions, or at any rate this has been much more 
widely used than any other of his writings. In it were brought together 
general observations bearing on the occurrence of oil and gas in the Kansas 
portion of the Mid-Continent district, and the final statement of Doctor 
Haworth on the subject of Pennsylvanian and Permian stratigraphy. 

After 1908 comparatively little writing was done by Doctor Haworth, 
for increasingly his energies were given to commercial work connected with 
oil and gas development. At length he retired from academic employment 
in order to devote his entire time to the private practice of petroleum 
geology, and in this work he was actively engaged until a short time before 
his death. 

As with a number of other natural scientists, the last of Doctor Ha- 
worth’s contributions is philosophical in nature. Shortly before his 
death he completed the manuscript for a volume entitled “God Still 
Lives.” Perhaps this work reflects, in part, the strongly religious back- 
ground of his early years, and it seems probable that his thoughts were 
specially turned in this direction by the loss of his beloved wife. 

Professor Haworth was a capable and inspiring teacher. The things 
he had learned he was eager to impart to others. He was able to present 
this knowledge clearly and logically so that it could be readily appre- 
hended, and his discourses in the classroom were enlivened by graphic 
descriptions of innumerable personal cbservations. He had an inexhausti- 
ble fund of humor from which he also liberally drew to illustrate a point 
or toclinch an idea. His classes were sought by students even though many 
of those who enrolled had aims quite different from a professional career 
in geology. To Professor Haworth, teaching was not merely a means of 
earning a livelihood. He experienced in it the joy of awakening in other 
minds something of the understanding and appreciation of the world in 
which we live, something of the scientific quest that meant so much to him. 

Recognition of the practical importance of scientific training in the 
exploitation of the mineral resources of his state and other regions led 
him to aid in the establishment at the university of a Department of Min- 
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ing Engineering. He did not himself assume active charge of this new 
department, but he gave active direction to its early development, and 
throughout the years, instruction in this field has remained closely linked 
with that in geology. The growth of classes in geology and mining called 
at length for greatly enlarged classroom and laboratory facilities, and in 
1908 a separate building was erected to house the work in these fields. 
It is fitting that this building has come to be known as Haworth Hall. In 
addition to geology and mining, it now contains, in a wing that has been 
added, the offices and laboratories of the State Geological Survey of 
Kansas. 

Professor Haworth’s interest and influence on the campus at the univer- 
sity extended much beyond the confines of Haworth Hall. His lively 
concern in various student problems led him to take a fatherly interest in 
many affairs not related to geology. His genial personality and sound 
counsel made him sought by students and members of the faculty. He 
was familiarly known everywhere as “Daddy” Haworth, a title which 
amply indicates the general affection and esteem in which he was held 


by the student body. 
As State Geologist, Professor Haworth had an unusually large acquaint- 


ance in Kansas and wielded great influence. He also served as geologist 
to the State Board of Agriculture, and in this connection became much 
interested in problems of underground water supply and in water for 
irrigation purposes in western Kansas. His advice was increasingly 
sought in the planning and development of enterprises utilizing various 
mineral resources of the state. Work of this sort was conducted during the 
summers and as time permitted during the school year. This led, in time, 
to the relinquishment of the title and duties of State Geologist in order 
that Professor Haworth might give his full attention to private consul- 
tations in the field of economic geology. Finally, in 1920, Professor 
Haworth severed entirely his connection with the university that he might 
devote himself to this private practice. 

Altogether, Professor Haworth takes rank as one of the foremost con- 
tributors to the development of geology in Kansas. In his writings, in the 
students that he trained, some of whom have gone to the farthest corners 
of the earth, and in the personal memories that he has left, Erasmus 
Haworth has built for himself a monument more impressive than a costly 
edifice in stone, and one that will longer endure. 
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MEMORIAL OF WILLIAM JACOB HOLLAND 
BY HENRY LEIGHTON 


In the passing of William Jacob Holland, the Geological Society of 
America, the geological sciences, and the science of entomology, lose one 
of their most earnest and forceful workers. He died December 13, 1932, 
at the age of 84. 

Doctor Holland was born August 16, 1848, on the island of Jamaica 
in the West Indies. His father was a Moravian missionary, sent there 
from the United States. Young Holland received a part of his early 
education at the Moravian College at Bethlehem, Pennsylvania, and fin- 
ished his undergraduate studies at Amherst College, from which he 
graduated in 1869. After two years as a high school principal in localities 
in Massachusetts, he entered Princeton Theological Seminary and left 
there in 1874 ordained as a minister in the Moravian faith. He was soon 
called to the Bellefield Presbyterian church, in Pittsburgh, as its pastor, 
where he served for 17 years. During these years, he continued the study 
of natural history as an avocation, being especially interested in entomol- 
ogy. He accompanied two expeditions as a naturalist—an eclipse expedi- 
tion to Japan, in 1887, and a similar one to West Africa, in 1889. 
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In 1891 he relinquished his pastoral work to take up important educa- 
tional work. The Western University of Pennsylvania was in the process 
of transition from a small college into a large university, and Doctor 
Holland was called to take the position of Chancellor. He successfully 
carried the school, now the University of Pittsburgh, through the critical 
days and continued until his death as a leading spirit in the educational 
policies of the institution. 

For many years he had been a close friend of Andrew Carnegie, and 
when Mr. Carnegie established the Carnegie Museum, in 1898, Doctor 
Holland was persuaded to become its first director. He threw all his 
energy into the upbuilding of this institution which, under his leadership, 
became one of the great museums of the country. He retired from active 
directorship in 1922, after a period of service of 24 years. Since 1922, 
he has continued as Director Emeritus and as editor of the Museum’s 
publications, and has taken an active interest in all the scientific work done 
throughout the institution. 

He was made president of the Carnegie Hero Fund, in 1922, becoming 
also a trustee of the Carnegie Foundation. He was a member of the 
Royal Society of Edinborough, the American Philosophical Society, and 
a great many entomological societies of many countries. 

As an entomologist, he was known throughout the world, his interest 
in butterflies and moths being evidenced by the publication, in 1898, of 
his work “The Butterfly Book” and, in 1903, by his “Moth Book.” During 
the past year, he was at work on a revision of “The Butterfly Book.” In 
1913 he published an interesting volume giving an account of his travels 
in South America, “To the River Platte and Back.” His office and work- 
room were lined with beautiful paintings of mountain, lake, and ocean, 
the work of his brush, with the touch of a true nature lover. Some of 
these were painted after he had passed the eighty-year mark. 

He spoke five or six languages readily and had a reading knowledge in 
several more. He was an editor who insisted in the proper use of words at 
all times. 

From this account of his many activities, it can be seen that he was a 
man of unusually broad interests in theology, art, literature, science, edu- 
cation, and many other fields. 

His active participation in the geological sciences began about 1898, 
when he began his duties as Director of the Carnegie Museum. Mr. Car- 
negie became much interested in the reports of the finding of fossil reptiles 
and mammals in the Western States, and turned over to Doctor Holland 
funds for the initiation of field studies and research in vertebrate paleon- 
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tology. Doctor Holland, with his customary vigor, plunged into the new 
work with great ardor. His bibliography shows, in a measure, the lines of 
work which he undertook in the period from 1900 to 1927. He became a 
vertebrate paleontologist of world-wide recognition. In the establishment 
of a department of vertebrate paleontology in the Carnegie Museum, 
Doctor Holland first called to the Museum, Jacob L. Wortman, of the 
American Museum of Natural History, making him curator of paleon- 
tology, in 1899, In 1900, O. A. Peterson, the present curator, became 
one of the staff. In the same year, John B. Hatcher was called from 
Princeton as curator to succeed Wortman, who went to New Haven. Earl 
Douglass came in 1902, and remained with the Museum until 1923. Thus, 
the enthusiasm of Holland was carried in a group of men who assisted 
greatly in the research of the following years. Their first great find was 
the famous Diplodocus carnegiei, that superb skeleton now mounted in 
the Museum. 

Doctor Holland took a great interest in the osteology of this animal 
and was very generous in the distribution of replicas of it, these going to 
many European and South American capitals. The contacts which he 
made with the rulers and the scientists of these countries were a source of 
great satisfaction to him in after years. Later, the other great dinosaur 
of the Museum was discovered and mounted, the Apatasaurus louise 
(named after Mrs. Carnegie). Doctor Holland took a great interest in 
this skeleton and did some excellent osteological work on it. A great deal 
of his paleontological research was done on these dinosaurs, and many 
were the arguments which he carried on with other paleontologists, re- 
garding the correct interpretation of various features of their anatomy. 
To the very last, the towering figure of the Doctor could often be seen in 
the “bone room,” still pondering over the problems of the great dinosaurs. 

From a personal side, Doctor Holland was an inspiration to all for- 
tunate enough to come in contact with him. Gruff, but kindly, alert, 
and tireless in research, he put many of the younger men to shame by his 
unbounded energy. Mr. Starrett, editor of the Pittsburgh Record, a pub- 
lication of the University of Pittsburgh, quotes Doctor Holland as say- 
ing in an after-dinner speech, in his eightieth year, “Oh, you young men, 
how I envy you! I have lived eighty years and I’d like to live eighty 
more—for I have enjoyed everyone of them. I have seen the prairie 
schooner pass and the railroad come; I have seen the birth of electricity, 
and of radio and of machines of unbelievable skill and cunning. But 
that’s nothing, nothing to what you will see—and I wish that I might stay 
and share it all with you.” Those of us who knew the strength of the 
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man can well realize the power that he must have put into that last wish. 
We of Pittsburgh—we of the Society, and all lovers of nature wish, too, 
that he might have stayed. Yet, spiritually, he lives on in the hearts of 
all who knew him as a friend, a pastor, a teacher, or a coworker in research, 
May the next generation give us as loyal and earnest scientists as were 
some of those whose places seem so hard to fill. 

Doctor Holland was married, January 23, 1879, to Miss Carrie P. 
Moorhead, daughter of John Moorhead, a prominent business man of 
Pittsburgh. They have been blessed with two sons, Moorhead B. Holland, 
of Pittsburgh, and Francis Raymond Holland, of New York. Doctor 
Holland’s wife also survives him, and is continuing her residence in 
Pittsburgh, the city so long the home of the family. 
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MEMORIAL OF JOSEPH PAXTON IDDINGS 
BY EDWARD B, MATILEWS 


Among American students of petrography forty years ago, there was no 
one more frequently quoted or more widely known for his studies of 
igneous rocks than Joseph Paxton Iddings. He was one of a small group 
of unusually competent men who entered the new field of microscopic 
investigation of rocks about 1880. ; 
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The times were particularly auspicious, due to the organization of the 
United States Geological Survey and the adoption of courses in the new 
technique in several universities. ‘The enthusiasm of its devotees, several 
of whom—Hawes, Irving, J. F. Williams, George H. Williams, and 
Wright—fatally overtaxed their strength, quickly spread the new gospel. 
The finished technique, great industry unalloyed by administrative or 
teaching duties, ready appreciation of the bearing of the observed facts 
upon the fundamental problems of petrology and rock classification, and 
the unusually favorable opportunities in his field work quickly placed 
Iddings, while still a young man, in a position of leadership. 

In reviewing the life of one whose personality is little known to the 
later generation of geologists, it has seemed appropriate to present the 
influence which drew him to his chosen field and the manner in which 
he reached conclusions which have proved to be permanent additions to 
the knowledge of rocks. In this review, emphasis will be laid on what 
Iddings contributed, without attempt to discriminate closely how far he 
himself was influenced by the interchange with fellow workers of views, 
hypotheses, and established facts. Few workers have been more conscious 
than Iddings that scientific progress follows simliar lines in many minds, 
and that priority of presentation is largely a matter of chance and tem- 
perament.* 

Whatever value this memorial may possess is due to the opportunity of 
consulting an autobiographical manuscript, “Recollections of a Petrol- 
ogist,” which Iddings left to his life-long friend, Whitman Cross, for 
editing and ultimate publication. 

Joseph Paxton Iddings was born in Baltimore, Maryland, January 21, 
1857, the son of William Penn Iddings, of Philadelphia, and Almira 
Gillett, of Baltimore. While still a small boy, his family transplanted him 
to New York City and thence to Orange, New Jersey, where he received 
his preparation for college under the eye of a Mr. Adams. As a boy, he 
showed his abiding twin habits of collecting butterflies and rocks and was 
encouraged by his father to become a mining engineer. In 1874 he was 
enrolled in Sheffield Scientific School with this goal in mind. He was 
graduated in 1877, but his aims were changing. He had been drawn into 


1“It is advisable to lay no claim to strict originality of one’s ideas or hypotheses. The 
chances are they are not original, but have been evolved from the multitude of impressions 
derived from various sources during one’s intercourse with colleagues and books. The 
best that may be hoped of them is that they may be expressions of what seem to be 
common truths so put as to carry conviction or awake definite conceptions that may be 
established or improved by subsequent research.” ‘Recollections of a Petrologist,” 
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other fields by contact with G. W. Hawes as he worked on his New Hamp- 
shire rocks and with Clarence King who lectured at Yale. A letter 
written to his sister described the process: 


“The personal magnetism of King was like a lodestone, whose power over 
my imagination, not recognized at first, was obvious later on. It was at this 
time I entered the field of his personality. The academic year of 1878-79 was 
spent in the School of Mines of Columbia, New York, where the finishing touches 
were to be put to my preparation for a Mining Engineer. They were. My 
interest in the subject as a profession became more and more anemic, and 
passed unmourned in the late spring when a closer approach to the lodestone 
of King’s enthusiasm completely turned my head toward Geological research, 
for which my education at the S. S. S. in New Haven had been a fitting prepara- 
tion.” 


Probably under the influence of Hawes,” who was studying that year at 
Heidelberg, Iddings became a student under Rosenbusch in the fall of 
1879. King had written, recommending Zirkel, but the letter was not 
received until after Iddings was established in Heidelberg. There, he 
came into close relations with Rosenbusch, often working alone with him 
for weeks, where his experience, he wrote, was most eventful and fixed 
his career as a petrographer. It was probably a combination of the enthu- 
siasm of Rosenbusch, the play of colors, to which Iddings was particularly 
susceptible, the precision of the geometrical and optical factors, and the 
newness of this field of research, which fixed his life career as a petrogra- 
pher rather than as a geologist. 

Meeting Arnold Hague in London in the spring of 1880, Iddings re- 
turned to America and thus began a lasting friendship which had a pro- 
found influence on his scientific career. This career, as Teall suggests, 
may readily be divided into three parts: As a member of the United States 
Geological Survey (1880-1892), as a university professor (1892-1908), 
and as a scientific traveller and writer (1908-1920). 

After leaving the University of Chicago in 1908, Iddings’ life, when 
not on his travels, was spent among his scientific friends in Washington or 
in the nearby, peaceful hamlet of Brinklow, Maryland, the home of his 
forebears, where he withdrew more and more from social contacts until his 
death, September 20, 1920. 

A brief review of the scientific environment which greeted Iddings on 
his return to America may serve as a fitting starting point in tracing his 


2“My first vivid impression of petrography as a definite study in itself was gotten by 
watching George Hawes working with a microscope over thin sections of granites from 
New Hampshire. . . . This was in 1878 when I was a graduate student.” Jbid., 
page 4. 
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scientific career. At that moment there were no courses in microscopic 
petrography given in the universities and no outstanding leaders in the 
subject in America. Only two reports with adequate petrographic dis- 
cussion had been published by the Federal government, and only a few 
short papers on the microscopic petrography of American rocks had ap- 
peared in the journals. Among foreign textbooks were only the first edi- 
tions of Zirkel and Rosenbusch and the elementary text by von “Lasaulx 
in German, Fouque and Levy’s Minéralogie Minérographique in French, 
and Rutley’s inadequate text in English. 

The available methods, from our modern viewpoint, were quite inade- 
quate. There was no satisfactory method for determining accurately either 
the refractive index or the birefringence of minerals in slides. Quartz 
and orthoclase, hypersthene and augite were often confused, and the feld- 
spars were divided into two groups according to the presence or absence 
of polysynthetic twinning. 

For the most part, feldspars were otherwise distinguished by their 
specific gravity, flame tests, or by their relative solubilities or fusibilities. 
At the time, the isomorphism of the plagioclases and the serviceability of 
extinction angles were not fully recognized. On the other hand, there 
was springing up in America an unusually competent group of young 
petrographers, for the most part with collegiate and some foreign training, 
sufficient to stimulate and rival the attainments of each other. Among 
those who started during the decades before and after 1880 may be men- 
tioned F. D. Adams, G. F. Becker, Whitman Cross, J. S. Diller, George 
W. Hawes, J. P. Iddings, R. D. Irving, J. F. Kemp, George P. Merrill, 
George H. Williams, J. Francis Williams, and C. E. Wright. 

For two months after his arrival in New York with Hague, in April, 
1880, Iddings worked as a voluntary assistant in the study and arrange- 
ment of the collections made by the members of the 40th Parallel Survey, 
which had been deposited temporarily in the new American Museum of 
Natural History building. Subsequently, during the winters between 
field seasons, this work was carried on, Hague identifying the specimens 
and Iddings studying the thin sections. This was a most valuable in- 
troductory study for the young petrographer who was to spend the suc- 
ceeding decade in a resurvey of the regions represented. 


IpDDINGS AS A MEMBER OF THE UNITED STATES GEOLOGICAL SURVEY 


In July, Iddings was appointed an assistant geologist on the newly 
organized United States Geological Survey and assigned to Mr. Hague’s 
party. By the end of the month, he began his field work in the Eureka 
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district of Nevada. He shared a tent with C. D. Walcott, who became the 
mentor of the mexperienced “tenderfoot” in the arts of camp life and 
fossil hunting. While he knew much of microscopic petrography, he de- 
termined his first rock—a pyroxene andesite—as a fissile green shale. 
During the season, he discovered a granite intruding a limestone with 
apophyses grading through granite porphyry to quartz porphyry. From 
this, he deduced the fundamental fact that the size of grain depends on 
the size of the body, distance from contact, and physical conditions attend- 
ing solidifications rather than on geologic age or depth—a generalization 
which appears frequently in his writings and is now commonplace. His 
first report, which was finished promptly (May —, 1881), was not printed 
until 1892. In it, he suggested the determination of feldspars by the sym- 
metrical extinction of albite twins in sections cut normal to the twinning 
plane. This was more than a decade before the appearance of the well- 
known work of Michel-Levy. He also interpreted the optical properties 
of the different zones in a zonal plagioclase as conclusive evidence of the 
gradation of chemical composition, claimed by Tschermak’s theory. Thus, 
early in his career, Iddings showed that he was no mere hack assistant, 
but an intelligent investigator, interested in the broader and more intri- 
cate questions awaiting solution. 

At the end of the season, after a brief visit to G. F. Becker at Virginia 
City, Nevada, Iddings returned to the American Museum where, between 
seasons, many geologists of the Survey used to work until the transfer of 
the collections to the United States National Museum, in 1884. Here, 
Hague. Becker, Walcott, Iddings, and visiting foreign geologists studied 
the wealth of new material which had been accumulated. There, after 
completing his Eureka report, he continued the microscopic restudy of 
the rocks collected by the earlier surveys. This great collection of rocks, 
with accompanying slides, was an exceptional opportunity for a broad 
survey of the rocks of western America. With the new technique which 
had been developed during the decade intervening since their study by 
Zirkel. it was natural to expect that errors in the original determinations 
should appear. Iddings found, by a more accurate determination of the 
feldspars, that most of Zirkel’s trachytes were really andesites or dacites. 
In announcing these findings to Zirkel. he showed the gentlemanly courtesy 
characteristic of his later dealings with controversial questions, with the 
result that the master, Zirkel, took with charming grace, the criticisms of 
a young disciple of his rival. 

In addition to a restudy of the collections previously described by 
Zirkel, Iddings examined collections of acid voleanics from the Great 
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Basin, of which three or four hundred sections were made, representing 
a great variety of voleanic products and an area of country more than 
400 miles in width. They apparently included lesser collections from 
Rainier, Hood, Lassen, and Shasta, collected by Hague. The results are 
given in two papers by Hague and Iddings in the American Journal of 
Science. This was the first appearance in print of Iddings as a petrog- 
rapher. 

It is interesting to note in these first papers that Iddings emphasized 
the textural and chemical graduation of rocks—a principle which became 
central in all his later thinking. There is a tendency to use the distinction 
between “light” and “dark” minerals and to regard the occurrence of 
hypersthene or olivine in basalts as due to the amount of silica. The dis- 
covery that Zirkel’s “trachytes” carry little or no sanidine and are nearly 
all andesites or dacites leads to the conclusion that rhyolites are more 
closely related geologically to andesites than to trachytes and a discussion 
foreshadowing the conceptions later grouped under the term, “‘con- 
sanguinity.” 
YELLOWSTONE NATIONAL PARK 

Participation in the exploration and mapping of the geology of the 
Yellowstone National Park, under the leadership of Arnold Hague, was 
the single outstanding field work of Iddings’ life. As first assistant in 
charge of the investigation of igneous rocks in a large organization, he 
approached the problems as a geologist and administrator rather than as 
a petrographer, but ultimately devoted his attention primarily to the rocks 
themselves. 

Seven consecutive field seasons, from 1883 to 1890, were spent in the 
study of this fascinating region, abounding in new problems and endless 
possibilities of petrographic discovery. Under the advice of Mr. Hague, 
besides doing his share in areal mapping, Iddings centered his work on 
four major problems: Obsidian Cliff and the three denuded volcanoes 
of Electric Peak, Crandall Basin, and Haystack Mountain. 

The first season (1883) was devoted to Obsidian Cliff, with special 
studies of its columnar partings, spherulities, lithophysae, and variations 
in the degree of crystallization. The result was a growing recognition 
of the réle played by water in rock magma, set forth in the well-known 
reports, excerpts from which are a common feature of the current text- 
books. 

The field seasons of 1884-1888 were occupied in a study of the Gallatin 
Mountains in the northwestern portion of the Park. In the higher por- 
tions are Electric Mountain and Sepulchre Mountains—remnants of an 
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old, eroded voleano which has been fractured across its conduit, present- 
ing, on the one hand, accumulated debris of lavas and the upper end of 
the conduit filled with final intrusions, and, on the other, a section of the 
conduit within the sedimentary strata upon which the volcano was built. 
This gave an excellant opportunity to investigate the various portions 
of a magma solidified under a variety of physical conditions, which 
Iddings fully utilized. His conclusions, which have made a permanent 
effect on petrologic thought, were a demonstration (1) that physical con- 
ditions attending consolidation affect not only the crystalline textures, 
but also the essential mineral composition; (2) that molecules in a 
chemically homogeneous, fluid magma can combine in various ways and 
form different mineralogical associations; and (3) that the efficiency of 
absorbed vapors as mineralizing agents is more in the conduit than else- 
where. 

During the field seasons, 1888-1890, work was extended to the north 
and west of the Park, and included less detailed but equally significant 
studies of the denuded volcanoes of Crandall Basin and Haystack Moun- 
tain. Crandall Basin is the center of an old volcano, so eroded as to 
expose its internal structure and the relationship between crystalline and 
glassy forms of the same magma. Coarsely crystalline gabbros and 
diorites, with smaller bodies of granite, intruding a vast accumulation 
of basaltic tuffs and breccia, are exposed in a vertical range of over 3,000 
feet. Fine-grained apophyses of the coarsely crystalline center penetrate 
the lavas in all directions, in a network connecting the outlying aphanitiec, 
characteristically “voleanic” rocks with the granular, “plutonic” gabbro 
and diorite of the core. Iddings saw that the variations in crystallinity 
depended, not on the depth or size of the bodies, but upon the physical 
conditions of consolidation—temperature and rate of cooling—and con- 
cluded that the characterization, just introduced by Rosenbusch, of gran- 
ular rocks as “deep seated” was misleading. He further demonstrated 
that rocks of similar chemical composition had been erupted at different 
times, in different stages of crystallization, to different elevations in the 
volcano. From this, he concluded that phenocrysts are the result of 
rapid crystallization shortly before the final solidification, and are not 
minerals that had existed in the molten magma for any considerable time 
prior to its solidification. 

In Haystack Mountain, the third denuded voleano, deciphered but 
never fully described by Iddings, erosion had proceeded further than in 
the others, exposing a core of gabbro and diorite with a four-square-mile 
cross section. It was, perhaps, the simplest of the three, and its study 
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gave Iddings no new fundamental ideas. After the completion of the 
field work in the Park and contiguous areas, there were years of study 
and the digestion of the vast accumulation of facts needed before the 
preparation of the final reports. To this period belong the preparation 
and publication of four papers * which firmly established Iddings’ posi- 
tion as an investigator of the first rank and as a leader of petrologic 
thought. 

The first of these deals with the phenomena and causes of crystalliza- 
tion in the light of existing knowledge and concludes that the relative 
importance of the factors causing crystallization are rate of cooling, chem- 
ical composition, mineralizing agents, and possibly pressure. 

The second concerns itself, primarily, with the influence of geologic 
occurrence on the crystallization and mineral composition. It con- 
cludes that the various magmas solidified under a variety of physical con- 
ditions imposed by the different geological environment of each; that 
the causes of mineralogical and structural variation are largely due to 
the rate of cooling; and that the efficacy of mineralizers, universally pres- 
ent in magmas, is controlled by the physical conditions imposed by the 
geologic history of each eruption. 

The third presents the conclusion that the formation of spherulites in 
glass is probably due to the local concentration of water vapor which 
maintains a local mobility of magmas, permitting crystalline growths, 
and that spherulites are radiating or diverging groups of crystals which, 
in the acid rocks, are usually orthoclase, elongated parallel to the clino- 
axis, intergrown with quartz. 

The fourth paper, more pretentious than the others, consists of an his- 
torical résumé, a discussion of the consanguinity of the igneous rocks, 
and the hypothesis proposed to explain the cause and manner of differ- 
entiation in a homogeneous magma. 


IppINGs AS A UNIVERSITY PROFESSOR 


The years following the completion of areal mapping of the Yellow- 
stone National Park were of intellectual turmoil for Iddings. The Inter- 
national Congress in Washington, the uncertainties of Major Powell’s 
continuance as Director, and the drift toward economic geology, to the 


3OQn the crystallization of igneous rocks. Bulletin of the Philosophical Society of 
Washington, Volume 11, pages 65-113 (Read May 25, 1889). The mineral composition 
and geologic occurrence of certain igneous rocks in the Yellowstone National Park. 
Idem 11, pages 191-220 (Read January 18, 1890). Spherulitic crystallization. Idem 11, 
pages 445-463 (Read April 25, 1891). Origin of igneous rocks. Idem 12, pages 89- 
202 (Read May 7, 1892). 
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detriment of other branches, made a career on the Survey less promising 
to one who had served as an assistant to Mr. Hague for twelve years and 
was becoming more and more a specialist in his chosen field of petrog- 
raphy. Opportunities for university work were increasing, and Iddings 
began to imagine that a university position was more to his taste. Hap- 
penings in the academic world strengthened this view. On the retirement 
of James D. Dana, Iddings was considered as a possible successor either 
in Yale or Sheffield. Later, he was offered positions at Leland Stanford, 
Chicago, and Johns Hopkins. The outcome was a resignation from the 
Survey, in 1892, and the acceptance of an appointment as Associate Pro- 
fessor of Petrology at the University of Chicago, where he labored sixteen 
years. While, in the minds of some of his friends, the wisdom of the 
change may have seemed questionable because of Iddings’ lack of several 
elements essential to successful teaching, it confirmed his specialization 
in petrology, terminated his systematic work in the field, and opened up 
new fields congenial to his own temperament. Among the latter was the 
problem of a satisfactory classification of rocks. This, he must have as 
a teacher. He had been thinking on the problem for years, since his 
translation of the first volume of Rosenbusch, in 1885. With his char- 
acteristic thoroughness, he did not present his solution of the question 
without ten years of further work and the active cooperation of his friends. 
The progress in this well-known episode in the history of petrographic 
thought, which culminated in the Quantitative Classification, or “CIPW,” 
is worthy of record in an account of Iddings’ life, even though the product 
is due to the concurrent action of several conferees. 
GROWTH OF THE QUANTITATIVE CLASSIFICATION 

Iddings had been led to the problem of rock classification by his work 
on the rocks of Electric Peak and the proposed collaboration with Rosen- 
busch on a textbook similar to the latter’s “Elemente.” From the begin- 
ning, he regarded the ultimate goal from a philosophic rather than a 
pedagogic standpoint, as may be seen in his criticism of the tabular pres- 
entation of Rosenbusch’s classification, brought out by F. D. Adams in 
1891, and in the second method of treatment proposed to Rosenbusch in 
1889, in which there appears to be no place for a systematic descriptive 
petrography of rock types or names, so necessary to the student. 

Early in 1893, wishing to secure the combined judgment of colleagues 
on the wisdom of certain systematic generalizations to meet “the demands 
of the classroom,” he wrote to Cross, Williams, and Pirsson. All re- 
sponded at length, and Williams suggested a conference as the surest 
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method of coming to an agreement. Such a conference was held in Wash- 
ington, but Iddings was unable to attend. A formal report was drawn up. 

By May, 1893, the four conferees had prepared essays which “repre- 
sented the petrolographical state of mind of the authors, who had some- 
what different experiences in field work and in the application made of 
their knowledge.” Conferences were held in December, 1893, at Boston 
and in March, 1894, at Washington, the conferees, in the meantime, keep- 
ing in touch with each other by voluminous correspondence. In their 
approach, as Iddings says: “I am starting at the bottom and am trying 
to work up and out. I think the rest of you are starting at the top and 
are working downward. We shall undoubtedly meet halfway.” 

About this time, Iddings proposed that Williams and Van Hise com- 
bine with him to produce a joint book that would include igneous and 
metamorphic rocks. The untimely death of Williams, in the summer of 
1894, stopped, for a time, further effort at cooperative reformation of 
petrography or the preparation of a textbook on rocks. 

It was not until December, 1899, that the third and final attempt was 
made for a cooperative reform of rock nomenclature, by reorganizing the 
classification of igneous rocks. The conferees were the same, with H. S. 
Washington taking the place of Williams. The first meeting was at Wash- 
ington. At this meeting, the quantitative basis was recognized; also, 
that chemical composition, expressed in minerals, was the prime funda- 
mental character, and that continuous series should be divided on a five- 
fold scheme. Iddings was to devise methods for expressing the relations 
between the mineral and chemical compositions and the quantitative 
division of the continuous series. Washington was to furnish a collec- 
tion of chemical analyses and to pay particular attention to nomenclature. 
Conferences were held at Albany and Locust Point. 

Although Iddings and Washington were most active in evolving the 
quantitative system, it is impossible to tell which features or ideas were 
due to them individually. All four authors suggested, discussed, and ex- 
panded ideas in their conferences, and the form finally developed was 
unanimously accepted. When the final draft of the manuscript was 
drawn, Cross wrote: “I am quite willing to admit that Iddings and Wash- 
ington have done a much larger share of the work that I have, and prob- 
ably have influenced the whole scheme more than I have.” In a similar 
strain, Pirsson wrote Iddings: “We owe it more largely to your push and 
energy in the matter than to anything else.” On the other hand, Iddings 
and Washington claimed that all four “had pooled our interests equally 
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in the beginning, had contributed to our views and criticisms freely, and 
had worked according to our opportunities; so we should share equally 
whatever praise or opprobrium might be coming to us.” 

The well known “Quantitative Classification of Igneous Rocks,” the 
result of ten years of cooperative work by five or six of the leaders in 
American petrography, was issued in the Journal of Geology during the 
fall of 1902 and as a separate volume in 1903. This was followed sub- 
sequently by supplemental volumes and papers.* 


PREPARATION OF TEXTBOOKS 


Teaching and working on classifications naturally led to the preparation 
of textbooks, which occupied most of the remaining time before Iddings 
left the University of Chicago, in 1908. Iddings’ first undertaking in this 
field was his well-known, abridged translation of the first volume of the 
second edition of Rosenbusch’s classic ‘“Mikroscopische Physiographie,” 
which was issued in 1888, followed by translations of each subsequent edi- 
tion to the fourth, in 1900, when the rift between Iddings, and Rosen- 
busch’s publishers made further cooperation impossible. For years, Amer- 
ican petrographers had been urging Iddings to bring out an American 
petrography. The need of a comprehensive work of the kind in English 
was obvious. Iddings began the laborious task by the preparation of a 
first volume on “Rock Minerals” which appeared in 1906,° a year which, 
through the death of his father and the breaking of home ties, left Iddings 
free to wander to the lands of his desires. Two years later (1908) he 
severed his university connections and began the life of a scientific 
traveller, gathering information for his monumental work on /gneous 
Rocks, the first volume of which appeared in 1909,® the second, in 1913. 


41903. Iddings. Chemical composition of igneous rocks, expressed by means of dia- 
grams with reference to rock classification on a quantitative chemico-mineralogical 
basis. United States Geological Survey, Professional Paper No. 18. 

1903. Washington. Chemical analyses of igneous rocks published from 1884 to 1900. 
United States Geological Survey, Professional Paper No. 14. 

1904. Washington. The superior analyses of igneous rocks from Roth's Tabellen 
1861 to 1884. United States Geological Survey, Professional Paper No. 28. 

1917. Washington. Chemical analyses of igneous rocks published from 1884 to 
1913. United States Geological Survey, Professional Paper No. 94. 

1906. C. I. P. W. The texture of igneous rocks. Journal of Geology, volume 14, 
pages 692-707. 

1912. C.1. P. W. Modifications of the quantitative system of classification of igneous 
rocks. Journal of Geology, volume 20, pages 550-561. 

5 Second edition, 1911. 

® Second edition, 1920. 
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IDDINGS AS A SCIENTIFIC TRAVELLER AND WRITER 


The first volume of “Igneous Rocks,” unlike most existing works on 
the subject, began with a résumé of the physical chemistry of magmas, 
passing through discussions of crystallinity, granularity, and texture of 
igneous rocks and the differentiation of magmas with the resulting vari- 
ability in composition to the mode of occurrence. To. this, for conveni- 
ence, was added a brief outline of classification, in which the tables rep- 
resented a more or less concealed correlation of the qualitative and quan- 
titative classification, couched in the terms of the former. 

The second volume of “Igneous Rocks” appeared in 1913. This con- 
sisted of two parts, the first part dealing with a classification of rocks, or 
rather, the analyses of known rocks arranged on the basis of the Quantita- 
tive Classification and named according to the older usage. Iddings 
hoped “to make the new system so its enemies themselves would not 
recognize it as the foundation of the treatise ; to sugar the pill, so to speak, 
so that they might take the helpful medicine cheerfully and be benefited 
by it.” This attempt was so successful that some readers thought Iddings 
had abandoned the Quautitative Classification. While such a treatise 
might lead the student “by easy stages from the vagueness of the old system 
into the definite restrictions of the new,” it did not produce a teachable 
textbook on rocks. The second part of Volume II was motivated by the 
hope of preparing “the eventual elucidation of the problem of petrographi- 
cal provinces” and was based upon an exhaustive review of the literature 
and months of travel. It constitutes a major contribution to our knowl- 
edge of the geographic distribution of igneous rocks. Naturally, the work 
occasioned words of commendation from many. 

Harker, although differing widely from the author, welcomed 


“The book which will, I imagine, be more acceptable to petrologists at large 
than to your colleagues of the Quantitative system.” 


Judd, in acknowledging the book, said: 


“T greatly admire the skill with which you have overcome the difficulty [of 
making the treatment equally intelligible and useful to those instructed in the 
old and those familiar with the new system] and congratulate you on the 
result.” 


Barrois wrote: 

“Your book is not only as you say, a contribution to the progress of petrology 
of igneous rocks; it is really the first synthesis of the rocks of the globe which 
has been undertaken. . . . The skill with which you have presented in this 
work all the evidence, all the analyses bestows on you not only a brilliant suc- 
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cess but allows you to erect a durable monument which will make a lasting 
epoch in lithology and the history of the earth.” 


Brégger wrote: 

“Really with this great work you have rendered petrographical science an 
important service, especially with the second part, the review of the petro- 
graphical (eruptive) provinces.” 


A little known, but highly important contribution to the development 
of petrology in America was Iddings’ influence in the establishment of the 
Geophysical Laboratory of the Carnegie Institution. On the suggestion 
of Walcott, Becker, Van Hise, Cross, and others, Iddings undertook to 
formulate possible lines in which this new Foundation might aid geology. 
The breadth and completeness of the statement of the many lines of 
physical work which would directly benefit geology in problems that were 
hardly touched as yet, made a profound impression on the committee, 
which voted, in February, 1904, to back up the investigations suggested, 
by appropriations and the appointment of A. L. Day as Director. 

More familiar, but less important to the study of rocks, were the various 
graphic methods introduced into Iddings’ papers, beginning in his Elec- 
tric Peak paper and brought together and summarized in Professional 
Paper No. 18, Washington, 1903. By these were emphasized the variation 
in the chemical composition in rock series and the lack in natural cluster- 
ing among igneous materials as a whole. These were not entirely original, 
but their modification and use greatly assisted in the presentation of 
fundamental facts. 

Iddings was, at heart, a wanderer and searcher of knowledge in many 
lands. He visited Europe five or six times and circled the globe eastward 
and westward. His first trip to Europe, in 1879, included a walking trip 
in Switzerland before he matriculated at Heidelberg and later trips down 
the Rhine and to England, where he met Mr. Hague. Eleven years later, 
1890, as respite from his work on the Yellowstone report and as an op- 
portunity to study active volcanoes, Iddings made a second trip, visiting 
London, Heidelberg, and the Italian volcanoes. 

In 1893 Iddings, in connection with attendance at the Nottingham 
meeting of the British Association, first roamed around in Wales and 
later visited Skye with Geikie, Teall, Peach, Horne, and Rothpletz. Three 
years later (1897) in connection with the VIT International Geological 
Congress in Russia, [ddings, with several Americans, visited the Christiania 
region with Brégger ; Sweden, with Backstrom ; Finland, with Sederholm. 
After the Congress he participated in the trip across the Caucasus to 
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Ararat and Bartoum. Ten years later (1907) another visit was made in 
connection with the centenary celebration of the Geological Society of 
London and the British Association meeting at Leicester. This included 
a ten-day trip in Skye with Harker and a holiday jaunt in the Savoy 
and the Auvergne. 

Freed from regular duties at the university and with an urgent need 
of more specific knowledge of the petrography of out-of-the-way areas of 
the globe for the later chapters of his “Igneous Rocks,” Iddings began the 
third stage in his scientific career. Unable to finance a purely petro- 
graphic trip, he found the opportunity for travel as a collector of fossils 
for the Smithsonian. In the spring of 1909, he began his westward trip 
around the world by visits to the Grand Canyon and the Yosemite on his 
way to the Orient. After an uneventful voyage, via Honolulu, and two 
weeks of preparation in Tokyo, his extended study of the volcanoes of 
Japan, under the guidance of Okamura, was initiated by the ascent of 
Fuji-yama. Then came a circuit of the central islands, extending as far 
north as Hokadote on Hokkaido, and the preparation in Tokyo for a six- 
months trip in Korea and Manchuria. Travelling leisurely across Korea 
to Antung and thence to Mukden, where he had expected to collect trilo- 
bites in the old trenches around the town, Iddings found an extensive 
alluvial plain and that the nearest known trilobites were on an island— 
Chang-Hsing-Tao—on the west coast of Laao-Tung peninsula, north- 
west of Port Arthur, 30 miles from the railroad. 

From Mukden the trail led to Peiping via Tien Tsin, and thence to the 
gorges of the Yangtze, via Hankow and Ichang, where the geologist hoped 
to find Cambrian fossils but was disappointed. After a journey of 1,500 
miles, Iddings disembarked in Shanghai to sail, almost immediately, for 
Hong Kong. Thence, he went to the Philippines, where he spent four 
months studying the volcanoes of Luzon and the sections of rocks col- 
lected from all parts of the archipelago by members of the Philippine 
Survey. 

By the last of March, 1900, the traveller was back in Japan, where he 
spent some weeks in studying the volcanoes of the islands of Kiushiu and 
Shikoku. Perhaps the most impressive incident was his declaration that 
the crystalline schists of the latter island were really post-Cretaceous and 
not Archean. After a round of conferences, lectures, and banquets at 
Tokyo, Iddings took leave of his new friends and sailed for Java, via 
Singapore, making stops at Foochow and other ports. 

Iddings’ sojourn in the Dutch East Indies was full of enjoyment of the 
tropical colors, the study of new and interesting petrographic areas, and 
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the countless friendly courtesies of the Dutch officials. His thoughts were 
directed to tracking to their lair the interesting leucitic lavas, described 
by Verbeek, and the alkali rocks of the Maros region in southern Celebes, 
described by A. Schmidt. Fresh specimens of Verbeek’s rocks were found 
in abundance in the stream beds of Mount Madua, on the coast of Java, 
northeast of Samarang, off the tourist trails. Visits were also made to 
Borneo and Semeroce, “the finest looking most nearly ideal active volcanic 
peak that I had yet seen.” 

From Java, Iddings sailed for Makassar, Celebes, where he had “five 
days of joy and one of the most interesting experiences in the whole trip.” 
After a strenuous trek of several days to the Pic de Maros, he found the 
time too short for a proper study of the region, but was able to collect all 
the varieties of rocks and an amount of material that could be conveniently 
carried off by one porter. Returning to Makassar and thence to Sverabaja 
and Batavia, one more excursion was taken to the southwest coast of 
Sumatra, where Iddings spent a week in Pedang Pandjang, at the foot 
of the volcano of Merapi. 

After a year of leisurely travel, exploring voleanoes—active, quiescent, 
or extinct—among the islands scattered over an area of 200 square degrees 
along the eastern side of Asia, Iddings embarked on his long, homeward 
journey across the Indian Ocean, the Red and Mediterranean seas, to 
Genoa, with a deep appreciation of the rest afforded by such a voyage. 
But he was by no means idle; day after day, he busied himself with the 
study of Washington’s collection of analyses of rocks, selecting those to 
be used in illustrating the second volume of his “Igneous Rocks.” 

On his arrival in Genoa, he learned that Rosenbusch’s condition made 
a visit to Heidelberg out of the question, and so he went at once to Holland 
for conferences with Verbeek, Molengraaf, and Brouwer. There, he spent 
some time studying their collections and slides of rocks from the Trans- 
vaal, Borneo, and other areas, regarding which he needed more informa- 
tion for his forthcoming book. In England, at London and Cambridge, 
he spent a month or so, studying the collections and conferring with his 
friendly “enemies.” 

Late in the evening of October 19, Iddings embarked for New York, 
where he arrived after an absence of a year and a half, during which he 
had been assiduously preparing himself to write Volume II of his “Igneous 
Rocks.” 

Iddings’ second circling of the globe was taken from west to east, and 
he had a wide range of experiences, from lecturer at University College, 
London, or visiting his old friends in Christiania, Holland, Paris, and 
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Florence, to living for months with the vanishing natives of little-visited 
islands of the Pacific. 

Arriving in London in June, 1914, and later travelling leisurely across 
western Europe, he embarked on a three weeks voyage to Singapore and 
Batavia. At the latter place, he spent nearly a month in preparing for 
his trip to Borneo, where he spent nearly a month studying the unusual 
rocks in the range east of Banjermassin. Another month was spent on 
the little island of Bawean where he found a great development of alkali 
basalts rich in leucite and nephelite, tinguites, phonolites, and trachytes, 
but none of the andesites so abundantly developed in nearby Java. An- 
other month was spent in Celebes, where he found a mountain range rich 
in leucitic rocks, shonkinites, fergusite, and essexites. Returning from 
Java in the early days of December, he set sail for Sidney, New South 
Wales, where he spent the New Year. From Australia, Iddings went to 
New Zealand where he travelled more as a tourist and visitor than investi- 
gator, under the guidance of Professor EK. C. Marshall, who shared his 
knowledge of these islands, so reminiscent to Iddings of his own field of 
study in the Yellowstone. 

Early in April, Iddings arrived in Tahiti where he stayed six months, 
studying the picturesque valleys cut into old volcanoes and visiting the 
islands of the Leeward and the Marguesas groups. The results secured 
were not all that he hoped for, as he was handicapped by several periods 
of illness and unexpectedly stormy, wet weather which greatly hampered 
him in his land excursions and inter-island trips. 

It was not until the fall of 1915 that Iddings returned to San Fran- 
cisco, with boxes of rocks and petrographic field notes which served as the 
basis of five or six papers which have been a distinct addition to our 
knowledge of the geology and petrography of the little-known areas 
which he had visited. 

During his absence in the Orient, his Silliman lectures were published 
as “The Problem of Volcanism.” The method of approach was typical 
of the author’s practice. Using the term “volcanism” in its broadest 
sense, Iddings began his discussion by laying down the phenomena to be 
treated. This chapter was followed by an historical review of the various 
hypotheses regarding the origin of the earth; a description of the physical 
characters of the earth—its relief, variations of gravity, conditions of the 
interior, etc.; a statement of the author’s conception of the nature of 
magma, its manner of movement to the surface, and the causes therefor. 
The whole constitutes an important, stimulating contribution to theoreti- 
cal geology from a new angle of approach. 
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RECOGNITION OF IDDINGS’ CONTRIBUTIONS 

The scientific standing of Iddings was early recognized by his election 
to various societies and honors, among which may be mentioned the 
following : 

Geological Society of America (Fellow, 1889), Geological Society of 
London (Foreign Correspondent, 1896), Scientific Society of Christiania 
(Foreign Member, 1902), Geological Society of London (Foreign Member, 
1904), National Academy of Sciences (Member, 1906), Société frangaise 
de Mineralogie (Honorary Member, 1914), Honorary Doctor of Science 
in Yale (1907), Silliman Lecturer at Yale (1914), Lecturer at the 
University College, London (1914). 


A review of Iddings’ scientific career gives an imperfect picture of 
Iddings, the man. His was a simple yet contradictory character. With 
a personal charm which bound to him friends of many sorts all over the 
world and a strongly felt need of friendly intercourse, Iddings was not 
a “mixer” but rather reserved or inarticulate. A student who was not 
satisfied short of the fullest understanding of the fundamentals and the 
most logical deductions therefrom, he was, at the same time, naive, and 
his reactions were often those of a child. A widely-travelled roamer, with 
countless experiences, he was somewhat shy as a raconteur, and often gave 
the impression that he had been unconscious of the many elements of his 
strange and kaleidoscopic environment. He was an exquisite, an artist, 
and, perhaps, a poet, who spent his life in presenting facts impersonally, 
with little humor or bonhomie in his writings; an intellectual aristocrat, 
who enjoyed, but did not seek, popular approbation. Beyond all else, 
Iddings seemed to be particularly sensitive to the play of colors. His 
letters and descriptions of landscapes are replete with his attempt to 
portray what he saw in cloud or sea or land. It was this which found its 
satisfaction in his two life-long interests—rock sections and butterflies. 

His life work ended, he quietly slipped from sight, creating a great loss 
in the lives of those who were privileged to know him intimately. 
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Science, Report 12, pages 265-282; Science, n. s., volume 29, pages 201-217. 
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The Philippine Islands. (With W. D. Smith.) Handbook Regulation Geology, 


vi, 5 [abstract], 24 pages. 
The petrography of some igneous rocks of the Philippines. Philippine Journal 


of Science, A 5, pages 155-170. 
1911 


Rock minerals, their chemical and physical characters and ther determination 


in thin sections, 2d edition, 617 pages. 
Problems in petrology. American Philosophical Society, Proceedings, volume 50, 


pages 286-300. 
1912 
Modifications of the quantitative system of classification of igneous rocks. 
[c. I. P. W.] Journal of Geology, volume 20, pages 550-561. 
1918 


Igneous rocks. Volume ITI. London. 685 pages. 
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The problem of volcanism. New Haven. 273 pages. 

Some examples of magmatic differentiation and their bearing on the problem 
of petrographical provinces. 12th International Geological Congress, 1913, 
Compte Rendu, pages 209-228. 
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Contributions to the petrography of Java and Celebes. (With E. W. Morley.) 
Journal of Geology, volume 23, pages 231-245. 
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1916 

The petrology of some South Pacific Islands and its significance. National 
Academy of Sciences, Washington, Proceedings, volume 2, pages 413-419. 

A contribution to the petrography of Japan. (With E. W. Morley.) National 
Academy of Sciences of Washington, Proceedings, volume 2, pages 452-455. 

A contribution to the petrography of the Philippine Islands. (With E. W. 
Morley.) National Academy of Sciences, Washington, Proceedings, volume 
2, pages 531-533. 

1917 

A contribution to the petrography of the Island of Bawéan, Netherlands Indies. 
(With E. W. Morley.) National Academy of Sciences, Washington, Pro- 
ceedings, volume 3, pages 105-109. 

A contribution to the petrography of Southern Celebes. (With E. W. Morley.) 
National Academy of Sciences, Washington, Proceedings, volume 3, pages 
592-597. 

1918 

A contribution to the petrography of the South Sea Islands. (With E. W. 
Morley.) National Academy of Sciences, Washington, Proceedings, volume 
4, pages 110-117. 

Memorial of Arnold Hague. Geological Society of America, Bulletin, volume 29, 
pages 35-48. 

1919 

Biographical memoir of Arnold Hague, 1840-1917. National Academy of Sciences, 

of Washington, Biographical Memorial, volume 9, pages 21-38. 
1920 

Igneous rocks: composition, texture and Classification, description and ocecur- 
rence. In two volumes. Volume 1 (2d edition, revised.) New York, 465 pages. 

Relative densities of igneous rocks calculated from their norms. American 
Journal of Science (4), volume 49, pages 363-366. 

Louis Valentine Pirsson. Science, n. s., volume 51, pages 530-532. 


MEMORIAL OF J CLAUDE JONES 
BY GEORGE D, LOUDERBACK 


J Claude Jones was born in Merrimac, Wisconsin, July 2, 1877. He 
received his A. B. degree at the University of Illinois in 1902 and some- 
what later became instructor in geology at that institution (1904-1906). 
In 1907 he was appointed research assistant at the University of Chicago, 
holding that position until 1909, when he was appointed Assistant Pro- 
fessor of Geology at the University of Nevada, becoming full Professor 
in 1914, and holding that position until the time of his death, March 2, 
1932. In addition to his professorship he held the positions of Geologist 
in the Nevada State Mining Laboratory, Curator of the Museum, and 
Geologist on the staff of the State Mining Bureau. While he was Pro- 
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fessor at the University of Nevada he took time to complete his work for 
the Ph. D. degree, which he received from the University of Chicago, 
in 1923. 

He was always greatly interested in his students and exercised con- 
siderable influence among them. For many years he was faculty advisor 
to the Associated Students, and in this capacity was an important aid to 
the administration in the development of university policy. The year be- 
fore his death he was appointed Acting Dean of Men. 

Soon after going to Nevada he became interested in some of the desert 
problems, commencing with the study of the tufas of Pyramid Lake. His 
work attracted the attention of MacDougal, who was making a study of 
the Salton Sink, and he was asked to make a study of the tufa deposits 
of that water body. His results were included in MacDougal’s mono- 
graph, published by the Carnegie Institution of Washington, in 1914. 

This work on the tufas led to extensive studies on the history of Lake 
Lahontan, during which Jones came to the conclusion that the lake was 
much younger than had been previously supposed. His main publication 
in this regard was on the geological history of Lake Lahontan in Paper 
352 of the Carnegie Institution of Washington, published in 1925. His 
results were not accepted by some other workers in the field, and this 
caused him to continue further search for evidence. The progress of this 
work has been set forth in several papers presented before geological 
societies and represented, in brief or abstract form, in publication. 

In connection with his studies of the arid region, he had the satisfaction 
of acquiring for the University of Nevada, through the generosity of 
Clarence W. Mackay, the excellent library on deserts and desert condi- 
tions of the late Professor J. Walther. 

Professor Jones also took considerable interest in the metalliferous de- 
posits of the Nevada region, and was engaged, from time to time, as con- 
sulting geologist by mining companies. This work led to several publica- 
tions, including those on the Barth iron ore deposit, which he considered to 
be a replacement deposit in andesite, and on the geology of Rochester, 
Nevada. He also worked on the famous Steamboat Springs, showing that 
stibnite and metastibnite were deposited from spring water in which they 
were held in solution, through the agency of sodium sulphantimonite. 

In 1915 he published, in the Bulletin of the Seismological Society of 
America, an illustrated account of the Pleasant Valley earthquake: of 
October 2, 1915, having traced in the field the interesting fault scarp 
which was produced at that time. 

Among his other publications might be particularly mentioned the 
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“Suggestive evidence of the origin of petroleum and oil shale” (1923) and 
the “Geology of the dumortierite deposits in Humboldt Queen Canyon” 
(1928). 

Professor Jones was elected a Fellow of the Geological Society of 
America in 1927, but even before that time he had frequently attended 
geological meetings held in California, contributing papers which always 
aroused considerable interest and frequently led to much active discussion. 

He was a member of the American Association for the Advancement of 
Science, the American Association of Petroleum Geologists, Sigma Xi, Phi 
Kappa Phi, Sigma Gamma Epsilon, the American Institute of Mining 
and Metallurgical Engineers, and the Seismological Society of America. 

The University of Nevada has lost one of the most important members 
of its staff, and the Cordilleran Section will miss his genial presence and 
his stimulating contributions to its programs. 
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MEMORIAL OF GEORGE FREDERICK KUNZ 
BY HERBERT P. WHITLOCK 


When, in 1888, the Committee of Organization of the Geological So- 
ciety of America drew up their circular addressed to American geologists, 
it is recorded that 37 persons signified their acceptance of the conditions 
of fellowship, thereby constituting themselves, as it were, a special group 
within the group of 94 original fellows. One of the last survivors of this 
group of 37 passed away June 29, 1932, in the person of George F. Kunz, 
a scientist of eminence, who has been intimately associated with the 
Geological Society of America since its inception. 

Doctor Kunz, born September 29, 1856, the son of J. T. and Marie Ida 
(Widmer) Kunz, was educated in the public schools of New York and 
Hoboken and in the Cooper Union of Arts and Sciences. In the dedica- 
tion of one of his books (“Rings”), he refers to “the Cooper Union in 
whose laboratories, lecture rooms and library” he spent “useful, profitable 
evening hours for several years at a time where there were no other oppor- 
tunities of a similar nature in the City of New York.” 

In 1865 the family of Doctor Kunz moved to Hoboken, and it was here 
that, at a very early age, he became interested in minerals through collect- 
ing them from the, then recently opened, excavation in Bergen Hill. At 
the age of 14, he was sending specimens abroad for exchange. 
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It was, without doubt, this interest in mineral collecting which shaped, 
to a large extent, the career of this remarkable, self-made man. From 
gathering minerals from the New Jersey diabase localities and exchang- 
ing these for others not so readily available, Doctor Kunz built up several 
fine, mineral collections of general scope, which he subsequently sold to 
various institutions—to the University of Minnesota, in 1876; to the 
Rose Polytechnic Institute of Terre Haute, Indiana, in 1879, and, sub- 
sequently, to Amherst College, to the New York State Museum at Albany, 
to the Field Museum of Chicago, and, finally, to the late Thomas A. 
Edison. 

Largely self-taught in this field, his knowledge of mineralogy was re- 
markable, including, as it did, an ability to identify, by eye alune, all but 
the rarer mineral species. 

Early in his career (1879), he joined the firm of Tiffany and Company 
as gem expert, this being, in all probability, the first instance of the 
employment of a mineralogist in this capacity, known to the jewelry in- 
terest of America. For Tiffany and Company he travelled widely in North 
America, investigating sources of supply of gem minerals in the rough, 
and gathering that mass of information which he published in 1890 in 
“Gems and Precious Stones of North America.” It was also during the 
eight years, from 1881 to 1889, that he gathered together the wonderful 
collection, representing American gems in all their phases, that brought 
American gems into prominence at the Paris Exposition of 1889. This 
collection was bought by the late J. Pierpont Morgan and presented to the 
American Museum of Natural History. 

The next eleven years of his life Doctor Kunz spent in even more 
extensive travel in search of gem minerals; Mexico, Russia, Asia, and 
Australia furnished the wonderful pieces that graced the Paris Exposition 
of 1900. This collection, like its predecessor, found its final resting place 
in the American Museum through the gift of Mr. Morgan. 

Like that other famous traveller and collector of gems, Jean Baptiste 
Tavernier, Doctor Kunz brought back from his adventures in many lands 
a wealth of anecdote and incident which always rendered his reminis- 
cences both interesting and informative. 

In 1904 the American Museum, recognizing his abilities as a specialist 
in gem minerals as well as his many services to the Museum, appointed 
him Honorary Curator of Gems, a post which he held for 14 years. About 
this time, also, he was offered and declined the directorship of the Na- 
tional Museum. His honorary degree of Doctor of Philosophy from the 
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University of Marburg (1903) dates also from the period, which marks 
the beginning of his recognition as an international figure in science. 

Born a New Yorker, Doctor Kunz was intimately associated with the 
scientific life of his native city. He was a Fellow of the New York Aca- 
demy of Sciences and in 1914 was elected President of this body. In 
1888 he founded the New York Mineralogical Club and was its first 
Secretary (at this time the Club had no President). He was always very 
active in the affairs of the organization, acting as its President from 
1914 to 1926. Among his almost endless interests he found time to 
assemble as the results of field trips one of the most complete collections 
of the minerals of Manhattan Island, which is now bequeathed to the 
New York Mineralogical Club. 

It is possible to trace the development of Doctor Kunz’ varied interests, 
chronologically through his many published papers, for he was a man of 
surpassing energy and a voluminous writer. In this way, we see that his 
mineralogical studies early turned to the gem minerals. In 1883 he began 
to contribute the section on gems and precious stones to the “Mineral 
Resources of the United States” and continued to write for this govern- 
ment report until 1906, when he began writing the yearly chapters 
on precious stones for “Mineral Industry,” a progressive work which 
was only terminated by his death. 

From time to time, also, the results of his studies on the gem stones 
of special areas were published as reports on “The gems of Mexico,” 
“The history of the gems found in North Carolina,” and “Semi-precious 
stones, gems, jeweler’s materials, and ornamental stones of California,” 
and such special items of interest as the sapphires of Montana, the pro- 
duction of diamonds in Arkansas, and the occurrence of the diamond 
in North America. 

From 1892 to 1899 Doctor Kunz served as special commissioner on 
American pearls for the United States Fish Commissioner, and in 1904 
he produced, with Charles H. Stevenson, “The Book of the Pearl,” a 
monumental work on this subject. 

As early as 1904 he was attracted by the folklore and superstition con- 
nected with gems, an interest which later bore fruit in the two splendid 
volumes, “The Curious Lore of Precious Stones,” published in 1913, and 
“The Magic of Jewels and Charms,” published in 1915. The biographer 
knows of no single assemblage of unusual information that compares 
with either of these two works. The third of these truly monumental 
books, entitled “Rings for the Fingers,” which appeared in 1917, may be 
said to round out the subject of gem folklore since much of it deals with 
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the historical and traditional side of the question. This period, from 
1913 to 1917, may be said to represent the high point in the literary pro- 
duction of Doctor Kunz, a time before the crowding interests of his later 
years claimed his time, his energy, and, in good part, his thought. 

If Doctor Kunz had confined his scientific production to American 
meteorities, he would still, on this account, have deserved considerable 
acclaim. For a number of years, beginning about 1885, he displayed a 
lively interest in these extraterrestrial bodies, investigating and describ- 
ing a large number of falls. First descriptions of 14 American meteorites 
are credited to him between the years, 1885 and 1891. 

One of the outstanding characteristics of Doctor Kunz’s many-sided 
personality was the facility with which he re-acted to the interests of the 
various groups of people with whom he came in contact. In this way he 
was prominent in the American Institute of Mining and Metallurgical 
Engineers, of which organization he was Vice President from 1899 to 1901. 
He was keenly interested in the introduction of the metric system into 
the United States, and was President of the American Metric Association. 
Among his other interests were the development of the uses of radium, on 
behalf of which he served as commissioner to the St. Louis Exposition in 
1904; the preservation of scenic and historic monuments, on behalf of 
which movement he served as President of the American Scenic and His- 
toric Preservation Society; and, in addition to serving as research asso- 
ciate on gems on the staff of the American Museum of Natural History, 
he was one of the founders and a past President of the Museum of Science 
and Industry (formerly Museum of the Peaceful Arts). 

His extensive travels had rendered him an accomplished linguist and 
his frequent intercourse with distinguished persons had given to his 
manner, presence and distinction, both of which accomplishments caused 
him to be much sought after as an entertainer of foreign visitors of note. 
His long association with gems also.engendered in him a love for fine 
and beautiful things and a knowledge of their worth, which he recognized 
as quite a different thing from their mere money value. 

Although essentially a man whose time was fully occupied with affairs 
of importance, Doctor Kunz was always ready to meet those who sought 
his advice. He always found time to aid those who had yet their way to 
make in science, and many a scientist owes his start in life to the kindly 
interest and sound advice of this large-hearted man. 

Doctor Kunz held the honorary degrees of Master of Arts (Columbia 
University, 1898), Doctor of Philosophy (University of Marburg, 1906), 
and Doctor of Science (Knox University, 1907). He was also decorated 
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as an Officer of the Legion of Honor (France), Knight of the Order of 
St. Olaf (Norway), and Officer of the Rising Sun (Japan). 

Doctor Kunz was twice married; first, on October 29, 1879, to Sophia 
Hanforth, who died in January, 1912; second, on May 15, 1923, to Opal 
Logan Giberson. 
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MEMORIAL OF ARTHUR GRAY LEONARD 
BY T. T. QUIRKE 


Early in the morning of December 17, 1932, Arthur Gray Leonard, for 
nearly thirty years State Geologist of North Dakota, passed away while 
asleep. 

He was born in Clinton, N. Y., March 15, 1865, the elder son of 
Reverend Delavan Levant and Mary Louise (Raymond) Leonard. His 
father, a graduate of Hamilton College and of Union Theological Sem- 
inary, was a Congregational minister, occupied for a considerable part of 
his life with the home missions of his church. As a consequence of his 
father’s occupation, the family changed residence frequently during the 
childhood and youth of the children. There were three children, Arthur, 
Fred, and Ella. I do not know how many different schools these young 
people attended, but the boys graduated from Salt Lake City schools, and 
from Oberlin College with the class of 1889. These brothers, only fifteen 
months apart in age, attended the same schools and many of the same 
classes, and must have felt severely the separation which followed gradua- 
tion. Fred continued his studies as a doctor of medicine, and later, spe- 
cializing in physical education, became Professor of Hygiene and Director 
of Physical Education at Oberlin College in 1892, a position he held until 
his death, December 10, 1922. 

Arthur, like his brother, chose a scientific calling, and returning to 
Oberlin College he completed his work for the Master’s degree in 1895. 
Meanwhile, in 1893, he had started as an assistant on the Iowa State 
Geological Survey, beginning an association which was to last, with minor 
interruptions, for ten years, and which really gave him the field experience 
and training requisite for his later career. During the winter months he 
was Professor of Geology and related sciences at Western College, Toledo, 
Towa, from 1894-96, becoming Assistant State Geologist of Iowa in 1896. 
Thereafter, he went to the Johns Hopkins University, leaving with the 
degree of Doctor of Philosophy in 1898, but retaining his Towa connection 
and returning to Iowa until 1899. In that year he was called as Assistant 
Professor to the University of Missouri, where he remained one year and 
then returned to Iowa as Assistant State Geologist until 1903. 

His attachment to Iowa was more than professional for it was in Des 
Moines that he met his future wife, Miss Katherine Gue, whom he mar- 
ried in 1901. As might be expected of such a match, the fine intellectual 
and spiritual quality of the early attachment never grew dull. They 
had, from first to last, that enduring sympathy which is founded upon the 
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common love for things of good taste in art, music, literature, and life. 
His first home had been hardly well established before he became State 
Geologist of North Dakota, and Assistant Professor at the University of 
North Dakota, in 1903, becoming Professor in 1906. There the most 
important part of his career was worked out, and there he gave the best 
part of his life. 

When in the prime of life Doctor Leonard was of rather slight build 
and of considerably more than average height. He was master of consider- 
able physical vitality, as any one of his former field assistants can testify. 
His face was distinguished and extremely handsome, with a brow and 
nose that a sculptor would love to model, although I presume that he 
would have been highly amused if anyone had told him so. He had an 
admirable personal reserve which was true dignity. In the classroom, 
his reserve deterred the timid from knowing him well and his dignity 
awed the boisterous, but no one who approached him could have received 
a more kindly or courteous reception from anyone than they received 
from him. He was so fond of a joke that even in his routine teaching he 
could not resist occasionally the gentle “dig” and sly allusion, most of 
which were too unexpected by the students to bring the appreciation they 
deserved. 

Sound fundamental scholarship is shown in his professional writing, 
which is always clear, precise, and well organized. He wrote rather easily, 
but with considerable restraint ; even upon topics in which he had the liveli- 
est interest, he never became over sanguine, far less, sensational. He 
wrote only after sufficient thought and study to secure mastery of his sub- 
ject, and then he wrote with such simplicity and directness that technical- 
ities appeared to be submerged. 

His earliest field studies were in the northeastern part of Iowa, con- 
cerned with deposits of lead and zinc, and his publications between 1893 
and 1897 deal almost exclusively with these subjects. Then, he became 
busied with the coal-bearing formations of Iowa and in carrying on the 
geological mapping of Iowa, county by county, the last report of which, 
over his name, appeared in 1906. Meanwhile, he had worked on the basic 
rocks of northeastern Maryland and wrote his thesis for the doctorate at 
the Johns Hopkins University in 1898. This was the only petrographic 
work he was called upon to do in his whole career. It is interesting to 
speculate how different might have been, not only his life but his scientific 
contributions, if his lot had brought him to a region of igneous and meta- 
morphic rocks. 

With his appointment as State Geologist of North Dakota in 1903, he 


4 
: 


MEMORIAL OF ARTHUR GRAY LEONARD 397 


took over the administrative reports of that survey, only two biennial re- 
ports of which had been published previous to his appointment. There- 
after, his studies were almost exclusively confined to the problems of that 
state. However, his studies of the lignite-bearing formations, carried 
on under co-operative agreement with the United States Geological Sur- 
vey, took him considerably beyond the western border of North Dakota. 
From 1903 to 1916 he was concerned almost exclusively with studies 
more or less directly related to the major economic mineral resources of 
North Dakota, lignite and clays. Meanwhile, his travels over the state 
had given him a fine grasp of the physiographic features and surficial 
deposits of North Dakota. After 1916 he wrote rather fully concerning 
interesting Pleistocene drainage changes in western North Dakota, most 
of which he discovered. He was the discoverer also of pre-Wisconsin drift 
in the state. He greatly extended the known distribution of the Oligocene. 
He was called upon frequently for advice regarding petroleum and natural 
gas in North Dakota and published accordingly certain papers during and 
after 1920. His latest studies seem to have dealt considerably with the 
physiography and the surficial deposits of the state. His main contribu- 
tions, however, are, undoubtedly, his mapping and description of the 
lignite and clay formations of North Dakota. 

He gave much thought to the services that a state geologist can and 
should render to his state, and performed his own duties with a degree of 
conscientious attention to detail and to the most economical use of state 
funds, which might well serve as standard for state officials in other states. 
In the preparation and publication of his official reports he spared no 
pains in the compilation of materials and in careful proofreading to as- 
sure high standards in that part of his work under his control. His time 
in the field was occupied with useful work; although he enjoyed it him- 
self and made it pleasant for his assistants, there was no loafing and no 
lay-offs during the field season. His expeditions into the badlands were 
no idle picnics. No state ever had a more faithful servant than had 
North Dakota in the late Doctor Leonard. 

He carried on a survey with very small financial and other support. 
Had he not also been Professor of Geology at the University of North 
Dakota, he could not have done anything in survey work for lack of 
adequate funds. Considering the actual cost to the state of the work he 
did, he gave a magnificent return. The unromantic character of the 
materials with which he had to work robs his career of the more popular 
kind of glamour which attaches to gold, silver, and other metals. But 
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few men have brought more conscience and more courage to their work 
than did Doctor Leonard. 

In his home at Grand Forks, North Dakota, there was a spirit of 
culture, gentility, kindliness, and, always, good taste. Together with his 
charming and accomplished wife, he enjoyed a group of friendships which 
indicates the catholic qualities of his sympathies. They entertained 
beautifully students who had been fortunate enough to find some associa- 
tion, even only a little closer than ordinary, with the professor. He never 
seemed to lose his interest in the university students of all generations 
whom he had known. 

There was no trace of humbug or hypocrisy in his make-up, and I con- 
clude that his life was a perfectly reliable indicator as to his religious 
faith. It is a fact that he served as deacon in the Congregational Church 
of Grand Forks for many years, and that he never failed, during the latter 
part of his life, at least, to be present and to assist in the service of the 
Sacrament, whenever it was administered. Those who knew him do not 
need this record to explain his evident spiritual anchorage. 

He died as a result of an attack of influenza, contracted during a camp- 
ing trip. During the later part of his life, his heart had given him and 
his family some concern, and under the strain of this illness, it failed. He 
was stricken with a serious heart attack in September, from which he never 
really recovered. This kept him at home with his wife for several months 
of enforced rest and leisure. He was eager to work more than he should, 
even to his last day. 

His remains were taken to Minneapolis for cremation, and afterwards 
the ashes were returned at Oberlin to the earth he had spent his life in 
studying and revealing to others. 

His work had that quality which makes for permanence. The coal and 
clay beds he has mapped and described will still be available for utilization 
long after this generation has passed away, and we may confidently trust 
that future operators, following his reports, will give him the honor and 
appreciation he deserves. 
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MEMORIAL OF JOHAN AUGUST UDDEN 
BY CHARLES LAURENCE BAKER 


Johan August Udden was born at Lekasa, Sweden, March 19, 1859, 
the son of Andrew Larson and Inga Lena (Andersdotter) Udden, and 
was taken to Carver, Minnesota, in 1861. He studied at Augustana 
College, from which he received the bachelor’s degree in 1881 and the 
master’s degree in 1889. He taught natural science, civics, and a number 
of other subjects at Bethany College, Lindsborg, Kansas, from 1881 to 
1888, studying part of the year 1886 at the University of Minnesota. 
He was Oscar II Professor of Geology and Natural History at Augustana 
College from 1888 to 1911; special assistant, Iowa Geological Survey, 
from 1897 to 1903; assistant geologist, University of Texas Mineral 
Survey, 1903-4; geologist, Illinois Geological Survey, 1906-11; special 
agent, United States Geological Survey, 1908-14; and geologist of the 
Bureau of Economie Geology and Technology, University of Texas, 1911- 
15. From 1915 until his death, January 5, 1932, he was director of the 
Bureau of Economic Geology of the University of Texas, and was made 
a member of the graduate faculty of the University of Texas in 1929. 

Other fruitful work was done by Udden as geologist for the Orient 
Railroad, the New York and Texas Land Company, the Chisos Mining 
Company, and the Illinois Board of World’s Fair Commissioners. 

Doctor Udden received the following honorary degrees: Doctor of Phi- 
losophy, 1900, and Doctor of Laws, 1929, Augustana College; Doctor of 
Science, Bethany College, 1921, and Texas Christian University, 1923. 
He was an honorary member of the American Association of Petroleum 
Geologists and of the Society of Economic Paleontologists and Mineralo- 
gists. King Oscar II, of Sweden, knighted him with the Order of the 
North Star in 1911. 

He married Johanna Kristina Davis in 1882, his wife surviving him 
exactly five months. A daughter passed away while still very young, and 
two sons, Jon, the geologist, and Anton, the meteorologist and physicist, 
died before their father. One son, Svante, manages a large power and 
light coporation in Texas. 

The testimony of his students and the honorary degrees conferred on 
him by the educational institutions which he served testify to Doctor 
Udden’s greatness as a teacher. He was the first teacher and one of the 
founders of Bethany College, where, in his earlier years, he taught many 
subjects ond, in addition, edited the local paper. At Augustana he taught 
throughout the tenure of his professorship the various courses in botany, 
zoology, astronomy, physiology, meteorology, and geology, and at times 
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helped out in remote fields, such as history. He founded there a series 
of monographs, Augustana Library Publications, contributing 5 of the 
14 numbers issued so far. 

Not content with bearing with conspicuous success a teaching burden 
the mere thought of which would fill with horror the mind of almost any 
present-day college or university teacher, he managed to accomplish, 
while at Augustana, a noteworthy amount of scientific research of a high 
order. He published 46 papers during the 23 years of his professorship 
there. These included detailed reports on the areal geology of five coun- 
ties in Iowa, five quadrangles in Illinois, and three large areas in Texas; 
the writing of the geologic masterpiece on the Chisos country of Texas; 
and the fundamental papers on the work of the atmosphere, the mechan- 
ical composition of clastic sediments. the Pennsylvanian sedimentary 
cycles, and the examination of well cuttings. He had studied in metic- 
ulous detail—and before motor cars came into use—the geology of the 
territory within a radius of 25 to 30 miles of Rock Island. These investi- 
gations were not all confined to the surface geology. Professor Norton 
could write, over 30 years ago, that, thanks to Udden, there were few areas 
anywhere in which the subsurface geology and artesian conditions were 
so well known as in the vicinity of the three cities of Rock Island and 
Moline, Illinois, and Davenport, Iowa. 

Udden’s success in research can be attributed to several factors. One 
was his thorough knowledge of all the basic natural sciences, a mastery 
attained so well only by those who have successfully taught them. An- 
other was his great ingenuity, shown by his invention of one of the earliest 
successful adding machines and by his ability to accomplish important 
results with a few of the cheapest and simplest devices. For instance, 
he was the pioneer in the study of well cuttings and sedimentary petrog- 
raphy, yet it was not until some years after he finally moved to Texas 
that he was able to use a binocular microscope, an appliance which had 
then been in general use for over a decade. Because the small denomina- 
tional college of the Middle West in the late seventies and early eighties 
could afford no professional scientific training, Udden had to rely on 
his own powers of observation and reasoning as well as devise his own 
technique. This was a third factor in his success. This made him self- 
taught, self-reliant, and self-sufficient. Patience in a preeminent degree 
he appears to have received as a natural endowment. He early came to 
the conclusion that the best contribution he could make, with the limited 
opportunities of his environment, would be in fields overlooked by others. 
Thus he came to emphasize the importance of the minute. His geologic 
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observations are characterized by their minuteness, as well as by their 
comprehensiveness. Together with this penchant for the most minute 
detail there went a power for philosophic reasoning, generally rare in 
one so painstaking in small things, which was to bear great fruit in his 
subsequent career in Texas. Coupled with all this, there was tireless 
industry, an ability to take a great deal of self-inflicted punishment in 
relentlessly self-imposed tasks which, in the end, meant overwork and 
premature aging. The teaching regimen alone, in the typical mid-West 
college of a generation ago, was sufficient to wear out many a sturdy soul, 
but here was a man making many fundamental contributions, some of 
which involved a vast amount of arduous labors of the most painstaking 
sort, in addition to carrying a teaching schedule in itself intolerably 


burdensome. 
When Udden left Augustana in 1911, he could have said—although 


his rare modesty prevented him from saying or, indeed, thinking any- 
thing of the sort—that he had made just about the best possible use of 
the facilities afforded to a geologist on the plains of Kansas and the 
prairies of Illinois and Iowa. Greater things were to come with the 
greater opportunities of Texas. 

As early as 1896, Udden had written, in the 17th Annual Report of the 
United States Geological Survey, “An account of the Paleozoic rocks 
explored by deep borings at Rock Island, Illinois, and vicinity,” and in 
1893 had given the geologic section of northern Illinois in the report 
of the World’s Fair Commissioners. Later, he extended his subsurface 
studies to other parts of Illinois in the reports of the State Survey. His 
first assignment after he went permanently to Texas was the preparation 
of a report on the Wichita and the Clay County oil and gas fields. In 
this, he devoted a section to drillers’ logs. Even the statistical method 
failed to give any real indication of what strata were penetrated. It is 
generally known that one cause in the lack of reliability of well logs is 
that the helper on a well rig automatically becomes a graduate driller 
by the process of crossing the Mississippi River in a westward direction, 
but the main fault with the system is that the driller is not, and can not 
be expected to be, a geologist, and, inasmuch as it has proved impossible 
to persuade the oil and gas industry to drill wells properly by continuous 
coring, it is necessary for geology to be pragmatic and do the best it 
can under the circumstances. This is what Udden accomplished for his 
science. His Wichita and Clay County report demonstrated the practi- 
eability and utility of the laboratory examination of drill cuttings in the 
search for oil, gas, and water. Udden established the first subsurface 
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laboratory, and E. T. Dumble followed his lead in the various oil com- 
panies of the Southern Pacific. Today, it is becoming the exception to 
find even the remotest “wildcatter” who does not preserve drill cuttings. 
To consider only the State of Texas—if drillers’ logs proved worthless 
under the comparatively uniform sedimentation conditions of the Paleo- 
zoic, they were even worse in the very irregular territory of the Upper 
Cretaceous and the Cenozoic. The present deep drilling beneath struc- 
tural unconformities, in Texas and elsewhere, would scarcely be feasible 
unless Udden had pointed the way and the means by which accurate 
subsurface data could be procured from the results of ordinary drilling. 
Beyond dispute, Udden’s pioneering in this line has benefited the oil and 
gas industry to the extent of many millions of dollars. 

In 1914 Udden published the paper on the deep boring at Spur, in 
which his use of his own methods in the laboratory study of drill cuttings 
demonstrated, for the first time, the occurrence of potash salts in the 
great Permian Basin of the Southwest. Near the end of the same year 
the writer procured for him the second set of samples which showed the 
presence of potash, and from 1915 on, Udden was convinced that Texas 
and New Mexico probably contained workable reserves. At the present 
time, one mine in New Mexico is exploiting water-soluble potash salts, 
and Doctor Fraps has shown recently that crude polyhalite, abundant in 
the Permian Basin, is available as a fertilizer. Udden was the undis- 
puted pioneer in Southwest potash. 

More than 15 years ago Udden advanced to the writer and others his 
view that geophysical research might lead to the discovery of new oil 
and gas fields. With characteristic caution, he delayed the publication 
of his ideas until 1920. Since then, the use of geophysical methods has 
led to the discovery of some scores of proved and prospective oil and gas 
fields in Texas and Louisiana alone. 

In 1916, partly on theoretical grounds, in advance of his colleagues, 
and partly as the result of field studies he had made years previously, he 
advised the Regents of the University of Texas of the probable occurrence 
of oil and gas on the University of Texas lands in Reagan County. This 
led to the discovery of the Big Lake oil field, now the world’s deepest 
profitably producing field. Big Lake was the forerunner of other west 
Texas and New Mexico fields, one of which, Yates, ranks with the first 
half dozen of the world’s most prolific producers. The probabilities are 
that the Permian Basin of west Texas and eastern New Mexico still con- 
tains vast, unexplored reserves. Revenue from its oil lands, since the 
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discovery of Big Lake, has increased the endowment of the University 
of Texas by many millions of dollars. 

The impetus given to discovery of oil in west Texas and to the develop- 
ment of potash and of geophysical methods is an instance of Udden’s 
possessing the courage of his convictions. He did not lack for boldness 
when convinced of the correctness of his reasoning. Oil geology is still 
an empirical science; it is a follower and not a leader. It is only a 
decade since it was common for petroleum geologists to declare it was 
virtually impossible to find oil in the Permian Basin or at least west of 
the Pecos. 

Udden, in 1904, in his study of the Terlingua deposits, determined that 
the concentration of the quicksilver ores of that district had followed 
the same principles as oil and gas. At that time the quicksilver that had 
been mined had come from outcropping deposits, most of which proved 
superficial and were speedily exhausted. The long-sustained, still-lasting, 
more deep-seated quicksilver production was discovered as a result of 
Udden’s persuading the miners to sink a shaft through a great thickness 
of barren shale into underlying, porous, and cavernous limestone, in which 
he deduced that ore was deposited under anticlinal conditions. Schuette 
has showed in recent years that the leading deposits of quicksilver else- 
where in the world also have formed in “closed” structures. The writer 
extended the Udden theory to the limestone ore deposits of silver, lead, 
and zinc in the folded Cordillera of northeastern Mexico, where it has 
been accepted by at least two, leading mining geologists. In the writer’s 
opinion, it will prove to be the most fruitful deduction yet advanced in 
the discovery and development of new ore deposits in the great “Sierra” 
limestone of the Lower and Middle Cretaceous, which forms the anti- 
clinal and thrust-block mountain ranges of the Sierra Madre Oriental. 
Udden’s achievements in oil, potash, and quicksilver have already added 
many millions to the wealth of Texas alone and will be responsible for 
much more in the future. 

Outstanding in his contributions to pure science during the last twenty 
years of his life was his attitude as administrator of the Bureau of Eco- 
nomic Geology. His policy was pure geology first and foremost, stressing 
the necessity of fundamental research and areal mapping. The Bureau's 
success has been amply demonstrated through continued public support 
and the constant loyalty of the hundreds of economic geologists engaged 
in the state. It has never engaged in propaganda for its own benefit, nor 
has it been the servant of any special interest. This sense of balance and 
just proportion was an eminent corollary of Udden’s broadmindedness. 
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In 1916 there appeared the “Review of the geology of Texas,” with 
the first large-scale geologic map of the state. This is noteworthy, if for 
no other reason than because it became a geologic “best seller,” running 
into three editions, with a total issue of about 50,000 copies. This success 
was due not so much to its merit as to its good fortune. It chanced to 
appear in time to anticipate the boom in Texas oil which occurred dur- 
ing the war. Its educational value was more than trifling ; its map proved 
to be almost a necessity for the oil promoter within the state and for many 
outside it. 

Udden’s long connection with the Permian of west Texas began with 
his field work in the Chinati Mountains, in 1903. Although his contribu- 
tions to the Cretaceous were of no mean order, he will be longer and better 
remembered for his work on the Permian of the Glass Mountains. Con- 
cerning this, no less an authority than J. P. Smith stated that he had 
made it the type marine Permian of the world. Yielding to the opinion 
of his paleontologic colleagues, Udden was induced to draw the Penn- 
sylvanian-Permian contact line perhaps too low but, fortunately, the 
change was made so late that his own, most likely more correct, views 
can be found in reading his paper. The most recent work in the Glass 
Mountains tends to return more nearly to Udden’s original conceptions. 
The foundation he laid is pretty certain to endure. 

Udden appears to have reached the zenith of his descriptive powers 
in “A sketch of the geology of the Chisos Country, Brewster County, 
Texas,” finished in the spring of 1905, when he was 46 years of age. No 
doubt his enthusiasm was fired by the fullness of geologic phenomena 
exhibited in the trans-Pecos mountains, and the welcome relief they must 
have afforded after years of the monotony of the plains and prairies of the 
northern Mississippi basin. At least, his response to the inspiration of the 
mountains resulted in a masterpiece, which deserves reprinting and a 
much wider circulation. It ranks with the classic works of Powell, 
Dutton, and Gilbert. 

Kindliness, gentleness, a modesty amounting virtually to bashfulness, 
moral and intellectual honesty, unfailing courtesy and desire to be helpful, 
were outstanding traits of Udden. He was more considerate of others 
than of himself. He set for himself a higher standard than he exacted. 
Numerous instances might be given of his sacrificing himself in order to 
help others. No one was turned away because Udden was tired or busy 
or had more important affairs. He did not benefit financially by his own 
discoveries. He was one who, through example and effort, enriched and 
bettered the world. He maintained until the end tha: his conspicuous 
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success was the result of chance and not of merit. A model for others to 
follow, a great geologist, a good man in every sense of the word—he was 
all these. Ranking with Sam Houston alone in the measure of his serv- 
ices to the State of Texas, Johan August Udden was one of Nature’s 
noblemen. 
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MEMORIAL TRIBUTE TO JOHN WALTER GREGORY 
BY CHESTER R. LONGWELL 


Last summer the geologists of all lands were shocked by the news that 
John W. Gregory had been drowned on June 6, when his canoe upset in 
the Urubamba River, Peru. Some months earlier he led a scientific 
expedition from England to study voleanic and seismic centers in the 
one continent that his numerous explorations had not reached. His tragic 
death occurred while he and his companion, Miss M’Kinnon Wood, were 
on the last difficult lap of their long exploratory journey in the Andes. 

Doctor Gregory's outstanding reputation at home and abroad rested on 
his profound learning and his astonishing versatility. His scientific 
‘areer began in 1887, when he was appointed assistant in the Geological 
Department of the Natural History Museum at South Kensington, Lon- 
don. In this position he made highly creditable contributions in paleon- 
tology. Fame as an explorer and a geologist came with his expedition in 
British East Africa in 1892-93. He joined the original exploratory party 
in a subordinate capacity; but when the venture collapsed under a series 
of misfortunes, Gregory, on his own initiative, organized a new expedition, 
with himself as the only white man. Handicapped by fever and other 
obstacles, he traveled more than 1,600 miles through difficult country, 
studying parts of the rift valleys and many other geologic features. One 
of the chief contributions resulting from this expedition was his well- 
known book, “The Great Rift Valley.” 

He made other scientific expeditions to Asia, Australia, and Nort 
America, and published numerous papers and monographs dealing with 
problems in the fields of tectonics, economic geology, physiography, and 
geography. In 1901 he became Professor of Geology at the University of 
Melbourne, and a year later, Director of the Geological Survey of Vic- 
toria. In 1904 he returned to Great Britain to be the first occupant of 
the chair of Geology at Glasgow University, which position he filled with 
distinction until his retirement in 1929. During this period crowded 
with administrative and teaching duties, he found time to study the diffi- 
cult geology in the Scottish Highlands and to make several expeditions 
abroad. 

In his later years Professor Gregory, who was born January 27, 1864, 
received many scientific honors. These included the Victoria Medal of 
the Royal Geographical Society, the Bigsby Medal of the Geological So- 
ciety of London, the Gold Medal of the Royal Scottish Geographical 
Society, the Gallois Medal of the Société Geographique de Paris, and the 
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Gold Medal of the Royal Society of Edinburgh. The universities of 
Liverpool and Glasgow gave him their honorary degrees of LL.D. He 
was twice president of the Geological Section of the British Association 
for the Advancement of Science (1907 and 1931), and was president of 
the Geological Society of London from 1928 to 1930. The Geological 
Society of America elected him a Correspondent in 1930. 

No tribute to Professor Gregory is complete without mention of his 
dynamic and lovable personality which won him the reverence and 
loyalty of his many students and of his colleagues at Glasgow. He was 
never inaccessible to students and to members of his staff who wanted 
his assistance. Geologists who visited his department were impressed by 
his spontaneous hospitality and friendliness. Although some of these 
geologists may not indorse all his scientific conclusions, they are unani- 
mous in their admiration for his character and their acknowledgment 
of his inspiring leadership. 


MEMORIAL TRIBUTE TO JOHAN KIAER 
BY PERCY E, RAYMOND 


Johan Kiaer was born at Drammen, near Oslo, Norway, in 1869, and 
died October 31, 1931, after having been in ill health for a year. His 
earlier training in Norway was in the field of zodlogy, and among his 
early papers are two on ascidians. At the instigation of Professor Brég- 
ger, however, he turned to paleontology, studying with von Zittel in 
Munich from 1894 to 1896. 

As soon as he entered this field he devoted his attention to the Silurian 
strata of Norway. Although he spent much time on the Heliolitide, a 
family of corals, he made a minute inquiry into the vertical distribution 
of all Silurian fossils. His zoning has become the standard for com- 
parison of Silurian strata throughout northern Europe. The disserta- 
tion, prepared at this time, on the “Faunistische Uebersicht der Etage 5” 
won him his doctorate at Munich in 1897. 

Returning to Norway, he received a “Universitets-stipendiat” in 1901 
at the University of Kristiania (now Oslo). In 1909 the position of 
Professor of Paleontology and Historical Geology was created for him, 
an office which lapsed with his death. At the time of his appointment 
to a professorship, the collections of fossils were separated from those 
pertaining to other branches of geology, and he was made Director of the 
Paleontological Museum. When the new geological building was erected 
in 1916, he was enabled to make an excellent display of the collections. 
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Although Kiaer’s published papers are not numerous, all are highly 
important. The field covered by each is thoroughly explored and treated 
in a masterly manner. He did not hurry into print, but held each manu- 
script until every possible source of information had been thoroughly 
studied. His early training in zoédlogy proved of great benefit, for it 
enabled him to make valuable contributions to our knowledge of the 
morphology of such unlike groups as corals, trilobites, and ostracoderms. 

Despite the importance of his earlier work upon the stratigraphy and 
paleontology of the Silurian strata, Kiaer is probably most widely known 
for his studies of the curious, fish-like creatures commonly called ostra- 
coderms. Until the publication of his monographic description of the 
specimens which he had found in the Ringrike district of Norway, 
anaspids were almost unknown. From Kiaer’s studies, they emerged as 
one of the most important groups of ancient animals. Unlike all other 
sorts of ostracoderms, they appear to have been active swimmers, with 
stream-line bodies, creatures which may have been ancestral to true fishes. 

Kiaer also contributed much to the knowledge of other groups of 
ostracoderms, particularly the pteraspids, upon which he was engaged at 
the time of his death. It is hoped that the monograph had been suffi- 
ciently advanced to allow early publication of his results. 

Not only through his own studies did Kiaer advance knowledge of the 
ostracoderms, but also by his generosity in loaning the Norwegian collec- 
tions, which were the basis of the already classic studies of Stensié on the 
Cephalaspide. The genus Aviaeraspis commemorates this act of un- 
selfishness. 

Kiaer was highly successful in training students, impressing upon them 
the necessity for the same thorough methods of research which he himself 
employed. Many important contributions to the knowledge of paleon- 
tology emanated from Oslo during the thirty years of his tenure of office. 

The appended bibliography was contributed by Doctor A. Heintz, of 
Oslo. 
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Cephalaspids. Palaeobiolog., Bd. I, pages 117-134, 7 figures, 2 plates. 
1929 
Verdener som svant. Cappelens Bibl. Kult. & Nat., pages 1-141, 59 figures. 


1930 

Ctenaspis—a new genus of Cyathaspidian Fishes. A preliminary report. 
Skrift. Sv. og Ish., number 33, pages 1-7, 4 figures. 

Den fossilférende ordovicisk-siluriske lagrekke pi Stord og bemerkninger om 
de ¢vrige fossilfund i Bergensfeltet. Med et petrografisk bidrag av Th. 
Vogt. Berg. Mus. Arsb., hefte 2, number 11, pages 1-92, 10 figures, 5 plates. 

Utvikling og utdgen i livets historie. Det manglende mellemledd (the missing 
link). Radioforedrag, pages 24-58, 11 figures. 

19381 

Hemicyclaspis Murchisoni-faunaen i den Downtoniske sandsten pa Jelgen i 

Oslofjorden. Norsk geol. tidsskr., Bd. XII, pages 419-433, 3 figures, 1 plate. 
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The Downtonian and Devonian vertebrates of Spitsbergen. IV, Suborder 
Cyathaspida. Edited by A. Heintz. Shrifter om Svalbard og Ishavet. 
Det Kong. Dept. for Handel, sjgfart, Ind., Hand. og Fiskeri, pages 1-26, 12 
figures, 11 plates. 

New Coelolepids from the Upper Silurian on Oesel (Esthonia). Edited by A. 
Heintz. Ersti Loodusteaduse Arhiiv, series 1, volume 10, pages 1-8, 2 plates. 

The Hovin Group in the Trondheim area. With paleontological contributions 
by O. A. Hgeg, A. Hadding, F. R. C. Reed, A. F. Foerste, T. Strand, 
L. Stgrmer, and J. Kiaer. Skr. Norske Vid. Akad. Oslo, 1. Mat. Naturv. 
Klasse, number 4, pages 1-175, 16 figures, 28 plates. 


MEMORIAL TRIBUTE TO JOHAN HERMAN LIE VOGT 
BY F. RANSOME 


Johan Herman Lie Vogt was born at Tvedestrand, Norway, October 14, 
1858, and died at Trondhjem, in the same country, January 3, 1932. 
From 1912 to 1929 he held the chair of geology and nonferrous metal- 
lurgy at the Technological Institute of Norway, at Trondhjem. 

Vogt began his advanced studies at the Technical Institute of Dresden 
in Saxony in 1876 and in 1880 received the degree of mining engineer 
from the University of Oslo. He continued his studies for a number of 
years at the universities of Stockholm and Paris and at the mining schools 
of Freiberg and Clausthal, where he came under the influence of such 
masters as W. C. Brégger, R. Akerman, A. W. Stelzner, A. von Groddeck, 
and F, Fouqué. At the age of 28, in 1886, he was appointed professor at 
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the University of Oslo and held that position until he went to Trondhjem. 

Vogt’s attention was early attracted to the study of slags, and this work 
led him to the investigation of ore deposition from the point of view of 
physicial chemistry. Ata time when most students of ore deposition were 
inclined to regard water, mainly meteoric water, as the all-important 
agent in the deposition of ore bodies, Vogt was a pioneer in the recogni- 
tion of magmatic processes as dominant factors in the natural concentra- 
tion of ores. While he perhaps went too far in regarding many sulfide 
deposits as direct products of magmatic differentiation, he was highly 
influential in molding our present views on the nature of contact-meta- 
somatic deposits and of deposits now generally regarded as magmatic 
segregations. He was also a pioneer in the field of experimental physico- 
chemical studies of the crystallization of magmas, which in later years 
have been carried on so successfully by the Geophysical Laboratory of the 
Carnegie Institution of Washington. 

The value of Vogt’s contributions to the geology of ore deposits was 
fully recognized by his colleagues the world over, and he was the recipient 
of many honorary degrees and of honorary membership in learned societies 
and academies. In 1929 he was awarded the Penrose Medal of the Society 
of Economic Geologists, and in 1932 was given the Wollaston Medal of 
the Geological Society of London. His list of publications exceeds 200, 
many of them being of monumental character. Among the more impor- 
tant works, listed without attempt to give full bibliographic details, may 
be mentioned the following: 


Studier over slagger (studies on slags). 1. Kgl. Svenska Vetensk. Akad. Handl., 
1884. 

Norske ertsforekomster (Norwegian ore deposits). Nyt Mag. f. Naturvidensk., 
1884, 1885, 1887, 1889. 

Salten og Ranen. Norges Geol. Unders. 3, 1890. 

Bildung von Erzlagerstiitten durch Differentiationsprocesse in basischen Erup- 
tivmagmata. Zeitschr. f. prakt. Geologie, 1893. 

Beitriige zur genetischen Klassifikation der durch magmatische Differentia- 
tionsprocesse und der durch Pneumatolyse entstandenen Erzvorkommen. 

Zeitschr. f. prakt. Geologie, 1894, 1895. 

Problems in the geology of ore deposits. Transactions, American Institute of 
Mining Engineers, 1901. 

Die Silikatschmelzlésungen. Skr., Videns. Selsk. Christiania (Oslo), 1904. 

Uber Manganwiesenerz und iiber das Verhiiltnis zwischen Eisen und Mangan 
in den See- und Wiesenerzen. Zeitschr. f. prakt. Geologie, 1906. 

Physikalisch-chemische Gesetze der Krystallisationsfolge in Eruptivgesteinen. 
Tschermaks min. u. petr. Mitteil., 1905, 1906, 1908. 

Uber anchi-monomineralische und anchi-eutekische Eruptivgesteine. Vidensk. 
Selsk. Skr., 1908. 
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Norges jermalmforekomster (iron ore deposits of Norway). Norges Geol. 
Unders. 51, 1910. 

Die Lagerstiitten der nutzbaren Mineralien und Gesteine. Stuttgart 1910-1913, 
sec. ed. 1914-1921. (With F. Beyschlag and P. Krusch.) 

Nickel in Igneous Rocks. Economic Geology, 1923. 

Magmas and igneous ore deposits. Economic Geology, 1926. 

The physical chemistry of the magmatic differentiation of igneous rocks. 
Norske Vidensk. Akad., Oslo. (A series of monographs which appeared at 
intervals between 1925 and 1931.) 

Die physikalisch-chemischen Gesetze der magmatischen Differentiation. Oslo 
Akad., 1923. 

Die Genesis der Granite physikochemisch gedeutet. Zeitschr. d. d. g. G., 1931. 


Professor Vogt, in his later years, was wont to express his admiration 
of the work done on ore deposits by American geologists, and as a practi- 
cal expression of this appreciation, not only wrote many of his papers in 
English, but published a number of them in this country. 
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INTRODUCTION 


GENERAL STATEMENT 


The numerous problems involved in the scientific classification and 
nomenclature of rock units have long engaged the attention of geologists. 
The appended partial list of papers dealing with this subject sufficiently 
indicates its scope and importance. Gradually, certain guiding principles 
have come to be recognized generally, and practices deemed good in the 
classification and nomenclature of rock units have become fairly well 
established. There is much room, however, for development of the prin- 
ciples and especially for the more widespread application of what seem to 
be the best practices in using the principles. The larger geological sur- 
vevs have, necessarily, given consideration to the formulation of rules to 
provide for their own publications a comparative uniformity in the method 
of classifying and naming the rock units treated by them. But such 
rules have not been propounded and widely disseminated with intent to 
promote their use by geologists in general. Except for the work of the 
International Geological Congress in 1901 and earlier years, there has 
been no attempt by a representative group to write a body of rules or 
recommendations covering stratigraphic classification and nomenclature. 
Under these circumstances, it is, perhaps, natural that geologic workers 
in North America, whose number and scientific publications have in- 
creased greatly in recent years, should fail to have any reasonably uniform 
views as to certain principles or practices in the classification and nomen- 
clature of rocks. It is believed that the large majority of American 
geologists will welcome the carefully prepared recommendations that 
follow, which, it is hoped, will contribute significantly to the advancement 
of geologic research. 

HISTORICAL STATEMENT 


The following rules for stratigraphic classification and nomenclature, 
as recommended to the geologists of the United States, are an outgrowth 
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of action initiated at the meeting of the Association of American State 
Geologists in Washington, D. C., in February, 1930. A committee of 
State Geologists, consisting of G. H. Ashley, C. N. Gould, and R. C. Moore, 
was appointed to consider the subject of variation in nomenclature of 
identical rock units on different sides of state boundaries and, with the 
invited aid of committees from the United States Geological Survey, the 
Geological Society of America, and the American Association of Petroleum 
Geologists, to consider the general subject of stratigraphic classification 
and nomenclature. Letters were addressed to the organizations men- 
tioned, suggesting the desirability of a united effort to formulate prin- 
ciples and recommended practices that could be followed in classifying 
and naming rock units. As a result of this correspondence, H. D. Miser, 
T. W. Stanton, and G. W. Stose, of the United States Geological Survey ; 
J. J. Galloway, B. F. Howell, and W. H. Twenhofel, of the Geological 
Society of America; and M. G. Cheney, C. J. Hares, and A. I. Levorsen, 
of the American Association of Petroleum Geologists, were designated as 
members of a general committee to study the subject indicated. 

The first meeting of the committee, held at the office of the Illinois 
Geological Survey, Urbana, April 30, 1930, was attended by Ashley, 
Cheney, Gould, Hares, Miser, Moore, and Stanton. C. N. Gould was 
elected chairman and R. C. Moore, secretary. The objectives of the com- 
mittee and the means of accomplishing them were considered at length. 
It was decided that the committee should undertake to bring to the at- 
tention of geologists the rules of stratigraphic nomenclature of the com- 
mittee on geologic names of the United States Geological Survey and 
the facilities of that committee for the determination of previous usage 
of stratigraphic names. At the request of the committee, T. W. Stanton 
undertook to prepare a paper on the subject of stratigraphic classifica- 
tion and nomenclature. (This paper was subsequently published in the 
Bulletin of the American Association of Petroleum Geologists.) Sub- 
committees were designated to study and prepare reports on (1) prin- 
ciples of stratigraphic nomenclature, (2) interstate stratigraphic nomen- 
clature, (3) problems of subsurface stratigraphic nomenclature, and (4) 
the advisability of establishing methods for advice on special problems 
of stratigraphic nomenclature. 

The second meeting of the committee, held at the University of Toronto. 
Toronto, Canada, January 1, 1931, was attended by Ashley, Galloway, 
Gould, Howell, Miser, Moore, Stanton, Stose, and Twenhofel, of the com- 
mittee, and, by invitation, J. W. Beede, E. S. Moore, and E. M. Parks. 
Subcommittee reports were submitted and discussed. The conclusion was 
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reached that the chief effort of the committee should be the compilation 
of recommended rules for the classification and nomenclature of rock 
units, and that the committee should not seek to adjudicate specific, con- 
troverted questions of nomenclature. Prolonged consideration was given 
to various aspects of classification and nomenclature. 

Additional meetings of the committee or of several of its members 
were held in Washington in February, 1931, and at Tulsa, Oklahoma, in 
October and December, 1931. The final meeting of the general committee 
was held at Harvard University, Cambridge, Mass., December 29, 1932. 
Members present or officially represented were Ashley (Willard), Cheney, 
Hares, Levorsen (Moore), Howell, Moore, Stanton, Stose, Miser 
(Reeside), and Twenhofel. C. O. Dunbar, chairman of the National 
Research Council’s committee on stratigraphy, was also present. The sub- 
committee on principles of stratigraphic nomenclature, under the chair- 
manship of T. W. Stanton, with H. D. Miser, R. C. Moore, M. G. Cheney, 
and W. H. Twenhofel, as members, formally offered, as its report, a draft 
of proposed rules for classification and nomenclature of rock units, essen- 
tially in the form that follows. This draft had been prepared by J. B. 
Reeside, Jr., and W. W. Rubey, under the supervision of H. D. Miser, and 
had previously been submitted to all members of the general committee 
for criticism, so that, in addition to suggested alterations brought up at 
the Cambridge meeting, some slight modifications, together with a strong 
general endorsement, were received from members absent from this meet- 
ing. The report of the subcommittee was unanimously adopted, and 
sincere thanks were extended for the arduous, painstaking labors of the 
subcommittee in drafting the code. Prior to the present publication, a 
revised, complete draft of the code has been submitted to all members 
of the general committee, and the recommended rules are now placed 
before the geologists of America. 

Final action of the committee before adjournment of the Cambridge 
meeting was the approval of a motion that specific questions as to inter- 
pretation of the rules, that from time to time may be raised by geologists, 
should be referred to the committee on stratigraphy of the National 
Research Council, of which C. O. Dunbar, Yale University, is the present 
chairman. It was also agreed that the committee on stratigraphy should 
be asked to prepare written opinions on such questions, in order that the 
questions and opinions might be published at suitable intervals. This will 
provide a mechanism analogous to that of the International Committee on 
Rules of Zoological Nomenclature, by which questions involving principles 
and the interpretation of doubtful points in the rules may receive consider- 


7 
| 


RULES FOR CLASSIFICATION AND NOMENCLATURE 427 


ation by a qualified, representative group of geologists who are special 
students of stratigraphy. It is well understood that no opinion of the 
committee, nor, indeed, any of the rules for classification and nomencla- 
ture here offered, can be mandatory upon geologists. The rules and the 
opinions constitute simply recommendations. The committee on stratig- 
raphy of the National Research Council, through its chairman, has ten- 
tatively accepted the responsibility of carrying forward this continuing 
study of the rules and, presumably, will be the agency that may suggest 
modifications or amendments of the rules, if and when these seem desir- 
able. It is perhaps unnecessary to state that the committee on stratig- 
raphy will not undertake to offer opinions on specific questions of fact or 
on problems of correlation. Its proposed function is rather to clarify 
principles and to interpret the application of the rules. Such interpreta- 
tion may involve specific questions, such as the advisability or inadvis- 
ability of employing a given stratigraphic term, where application of the 
rules is in doubt. Every question submitted to the committee on stratig- 
raphy should be clearly stated in the form of an explicit query as to 
application of the rules and should be accompanied by a concise statement 
of considerations, pro and con, together with complete citations of the 
literature. The committee will, of course, decide whether a given question, 
submitted to it, is pertinent for its consideration. 


RULES FoR CLASSIFICATION AND NOMENCLATURE OF Rock UNItTs 
PREAMBLE 


Uniform procedure is essential in dealing with the taxonomy of rock 
units. The need for such uniformity can be shown, merely by pointing to 
the duplication and multiplication of names; to the differing concepts as 
to the meaning of common, everyday terms, as revealed in their use; to the 
discordant classifications proposed by different geologists; and to other 
confusing features prevalent in stratigraphic literature. Without some 
guide toward uniformity this situation is unavoidable, for geologists deal 
much with matters of opinion, they are of different temperaments, have 
had different training for their work, and, generally, have studied unlike 
parts of the continent or world. 

The greatest aid to uniformity would seem to be regulation by a common 
code of guiding principles to be followed in the classification and naming 
of rock units. Necessarily, such regulation would be somewhat restrictive 
to each individual’s freedom of action. Yet, if a code of guiding prin- 
ciples that is generally acceptable to geologists can be formulated, the net 
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effect is certain to be much more beneficial to everyone concerned than 
it is harmful to any individual. 

No code of procedure can be set up that will be entirely adequate, nor 
will any classification and nomenclature created under it be more than 
a temporary, but convenient, working arrangement. Geology is an active 
science: knowledge increases, and ideas change. Moreover, any attempt 
whatever to impose a man-made classification upon a natural system is 
certain to meet many difficulties: they are inherent and unavoidable, and 
classification of rock units is no exception to the rule. 

Furthermore, no codification of rules can be completely satisfactory to 
all. Points of view differ, and any code that will receive general accept- 
ance must, inevitably, represent many compromise agreements. Because 
of these inevitable compromises, it is, perhaps, too much to expect that any 
system of classification and nomenclature can be strictly logical and 
entirely consistent throughout for an area as large as North America, but 
it is reasonable to expect that a code of principles will reduce these incon- 
sistencies to a minimum. 

It is, therefore, with no delusions of perfection that this code, based on 
many years of accumulated experience, is offered, but with the conviction 
that it will be helpful in spite of its imperfections. 

The plan of the code rests on two basic requirements: (1) in essentially 
all types of geologje investigation (whether economic, structural, physio- 
graphic, historical, or paleontologic) local rock sequences must be divided 
into separate rock units; (2) for purposes of cartographic representation, 
intelligible description, and historical interpretation, these local rock units 
need to be correlated with other and better known units in other areas. 


SECTION I.—GENERAL CONSIDERATIONS 


Article 1.—Three general classes of rocks are recognized, as follows: 

(1) Sedimentary, including all rocks formed by aqueous, organic, 
glacial, and eolian agencies. 

(2) Igneous, including all rocks that have been solidified from a molten 
condition, both volcanic and plutonic. 

(3) Metamorphic, including altered rocks of either sedimentary or 
igneous origin in which the acquired characteristics are more prominent 
than the original characteristics. 


Remarks.—Deposits whose classification is debated or which do not fall 
clearly within one of the above-enumerated classes may also be recognized, 
such as talus, landslides, pyroclastic rocks, veins, and residual ores. 
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Article 2.—The following divisions or units of rocks are recognized : 

(1) System, a standard, world-wide division ; contains the rocks formed 
during the fundamental chronologic unit, a period. (See Article 24.) 
Example, Devonian system. 

(2) Series, a major subdivision of a system; contains the rocks formed 
during a major subdivision (an epoch, in its widest sense) of a period. 
(See Article 24.) In part, the series, as actually used in the United States, 
is nearly an equivalent of the comparable European subdivision—for 
example, Lower Devonian series, Hocene series; in part, the series is a 
convenient unit, of size approaching that of the comparable European sub- 
division but not necessarily equivalent to it. In this second usage, a pro- 
vincial name may be applied—for example, Comanche series, Shasta 
series, Cincinnatian series. 

(3) Group, a local or provincial subdivision of a system, based on lith- 
ologic features. It is usually less than a standard series and contains two 
or more formations. (See Article 12.) Example, Mesaverde group. 

(4) Formation, the fundamental unit in the local classification of the 
rocks. (See Sections 2, 3, and 4.) 

(5) Member, lentil, and tongue, subdivisions of a formation. (See 
Article 14.) 

(6) Bed, stratum, and layer, the smallest units recognized in classifica- 
tion. (See Article 16.) 

(7) Zone, a subordinate unit containing the rocks deposited during the 
time of existence of a particular faunal or floral assemblage. It may be 
of the magnitude of a bed, a member, a formation, or even a group. (See 
Article 16.) 

Remarks.—(a) No term for a rock unit coordinate with era (see Article 24) 
is in common use, though group was, at first, chosen for this purpose by the 
International Geological Congress, and later abandoned. The term stage was 
adopted by the Congress for rock units that are subordinate to series, but in 
America this term has almost no usage other than as a time term for major 
subdivisions of the Pleistocene epoch—for example, Wisconsin glacial stage, 
Yarmouth interglacial stage. 

(b) The term horizon is not included in the above list, for it denotes merely 
position. A horizon has no thickness, being merely a stratigraphic level, or 
plane. 

(c) In the designation of series, where Lower, Middle, and Upper are used 
in conjunction with the name of a system, the initial letter shall be capitalized. 
All other uses of lower, middle, and upper shall be written with a small letter. 
None of the designations of units—system, series, group, formation, ete.—shall 
be written with a capital initial. 

(d) Systems, series, groups, and formations are customarily given formal 
names; members, lentils, and tongues are commonly, though not necessarily, 
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named; beds, strata, and layers are rarely given formal names, though in the 
economic applications of geology informal names for such units are not uncom- 
monly used. (See Article 16.) Zones are customarily given a paleontologic 
name (generic or specific). (See Article 16.) 

(e) Systems, series (in part), and zones imply a time element as an essential 
feature in their discrimination. Series (in part), groups, formations, members, 
lentils, tongues, beds, strata, and layers are based on lithology and may not 
correspond to specific, widespread time divisions; therefore, they differ essen- 
tially from the other three. 

(f) A special, limited use of series, sanctioned by custom, is that in which 
it is applied to igneous rocks. (See Article 20, paragraph g.) 


Article 3.—For general classification, the formations shall be referred 
to systems, which are defined as the assemblages of rocks formed during 
the fundamental time units, the periods. (See Articles 23 and 24.) 

Remarks.—In general, the definition and limits of the systems and the 
correlation of the local representatives of the standard systems are deter- 
mined primarily by paleontology and secondarily by structural and _ strati- 
graphic relations. The exceptions are the Quaternary system and the systems 
recognized in the pre-Cambrian. The criteria for definition of the Quaternary, 
for determination of its beginning, and for correlation within it are based 
primarily upon the concept of widespread climatic changes contemporaneous 
with the several glaciations of the Pleistocene epoch. The characters by which 
the pre-Cambrian systems are discriminated are lithologic and structural. 


Article 4.—The formation is the fundamental unit in the local classi- 
fication of rocks. The larger units, groups and series, may be regarded as 
assemblages of formations and the smaller units as subdivisions of forma- 
tions. 

Remarks.—The word formation is to be used as the designation of a specific 
unit, not as the general term representing the results of a mode of formation, 
though this usage has had some currency, as, fluvial formation, lacustrine 
formation, etc. The words rocks and deposits are often used in such phrases 
and seem to serve satisfactorily. 


SECTION II.—SEDIMENTARY ROCK UNITS 


Article 5.—The discrimination of sedimentary formations is based on 
the local sequence of rocks, lines of separation being drawn at points in 
the stratigraphic column where lithologic characters change or where 
there are significant breaks in the continuity of sedimentation or other 
evidences of important geologic events. As thus conceived, the formation 
is a genetic unit, which may represent a long or short period of time, which 
may be composed of materials from different sources, and which may 
include minor breaks in the sequence. Exceptionally, as a matter of 
expediency, a formation may include major breaks in the sequence. 
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Remarks.—(a) The selection of formations shall be such that they will best 
meet the practical and scientific needs of the users of geologic maps. It is, 
generally, impossible to represent on a map the limits of each lithologic change, 
and the geologist must select for the limitation of formations such horizons of 
change as will best express the geologic development and structure of the 
region and will give to the formations the greatest practicable unity of con- 
stitution. In determining this unity of constitution, all available lines of evi- 
dence, including lithologic constitution, fossil content, structural relations, and 
unconformities, shall be considered. 

(b) In general, lithologic constitution is accepted as the controlling basis 
of subdivision, partly because of its usefulness and immediate availability in 
mapping, and partly because of its genetic and economic significance. Each 
formation shall contain, between its upper and lower limits, either (a) rocks 
of one dominant lithologic type or facies, or (b) a repeated interlamination of 
recks of two or more lithologic types or facies, as, for example, an alternation 
of shale and sandstone. There may, in some areas, be justification for a forma- 
tion marked by extreme heterogeneity of constitution, but that, in itself, may 
constitute a form of unity. 

(c) Where the passage vertically through a sequence of beds from one type of 
rock to another appears to be completely gradational, it may be necessary to 
separate two contiguous formations by an arbitrary line. Or paleontologic 
evidence may indicate that a sequence of closely similar lithologic character 
does not represent essentially continuous deposition, but includes an important, 
but obscure, unconformity, and that a separation into two formations is desir- 
able. Under such circumstances, it may be necessary to depend, almost en- 
tirely, on the contained fossils, in separating the formations. Nevertheless, a 
unit distinguishable from the enclosing rocks only by its fossils shall not, in 
general, constitute a formation, but is properly classified as a paleontologic 
zone. 

Information in hand concerning a sequence of beds may be inconclusive as 
to the advisability of division—for example, as to whether a sequence of similar 
beds, containing upper Mississippian fossils in the lowermost part and lower 
Pennsylvanian fossils in the uppermost part, is continuous or is broken by a 
considerable hiatus. Or, in practical work, it may not be useful to make a 
division, even though evidence is in hand—for example, where a break is known 
within a sequence of beds whose lithology is virtually identical above and 
below the break, and which has never been separated into units by any mapping 
or other continuous general study. Such a formation, as thus recognized, may 
include a major break, though it is ordinarily expected that later work will 
make division of the unit feasible. 

(d) Although the practicability of mapping is usually an essential feature, 
and, indeed, may be the chief factor, in the discrimination of a formation, it 
may, under exceptional conditions, be waived. It may be impracticable to 
show separately, even on a fairly detailed map, thin rock units which, by vari- 
ous other criteria, are valid formations. 

(e) The thickness of a formation is not a determining feature in its diserimi- 
nation. A formation only 10 feet thick may be adjacent to another 5,000 feet 
thick. 
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Article 6.—Inasmuch as a formation is conceived as a genetic unit 
formed under essentially uniform conditions or under an alternation of 
conditions, and inasmuch as such environmental conditions were local as 
well as temporary, it is to be assumed that each formation is limited in 
horizontal extent. The formation should be discriminated and should be 
called by the same name as far as it can be traced and identified by means 
of its lithologic character particularly, but also by its stratigraphic asso- 
ciation and its contained fossils. It is not necessary that a formation 
be of precisely the same age at different localities, and there may be marked 
difference in age from place to place. 


Remarks.—(a) It is customary, particularly where exposures are not con- 
tinuous, to give different names to deposits of different lithologic constitution, 
even though they may be essentially contemporaneous—for example, a unit of 
chalk in one area and a unit of shale in another (as Smoky Hill chalk, Kansas, 
and Apishapa shale, Colorado), or of limestone in one area and other rocks in 
another area (as Twin Creek limestone, Wyoming, and Carmel formation and 
Entrada sandstone, Utah). There have been some exceptions to this practice, 
however, where a formation changes within relatively narrow lithologic limits 
and very gradually from one lithologic facies to another and yet retains its 
original stratigraphic association and carries the same fauna—for example, 
Ottosee limestone and Ottosee shale, Warsaw limestone and Warsaw shale, 
Athens limestone and Athens shale, in each of which the shale is calcareous. 
It is desirable, where one name is applied to different lithologic facies, that 
there be approximate continuity of exposures, and it is not good practice to 
extend a name across considerable gaps in exposure to other units of different 
lithologic constitution—for example, to carry the name Onondaga from its 
original limestone facies in New York to a green shale in Virginia. 

(6) On the principle that similar lithologic constitution shall be the essen- 
tial character in the extension of a name away from its type area, and that 
difference in age from place to place is permissible, the same name may be 
applied for cartographic purposes to a lithologic unit which, elsewhere than at 
the type locality, includes either a greater or a smaller stratigraphic interval. 
It is conceivable that exceptionally the interval covered by such a name may, 
at some localities, have no part in common with that included in the unit at its 
type locality. However, if appropriate lithologic units can be discriminated, 
or if convenient geographic divisions can be made, it is well to avoid such ex- 
tremes. Examples of formations which are believed to include different in- 
tervals from place to place are the Saint Peter sandstone, Dakota sandstone, 
Trinity sand, Catskill formation, Mancos shale, and Lewis shale. 

(c) Where, in a limited region, the named lithologic units are relatively 
numerous, and there are, in addition, many lateral changes in lithologic con- 
stitution within relatively short distances, the lateral extension of names pre- 
sents particular difficulties. The nomenclature, if carried out on the usual 
basis, becomes so complicated as to lose its usefulness. For example, the Penn- 
sylvanian rocks of Kansas and Nebraska have been divided into many thin 
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units. At places, the components of a series of alternating limestone and shale 
units pass into an indivisible shale body. The problem is thus presented of 
what name, or names, to apply to the shale body, whose recognizable boundaries 
change abruptly as each limestone bed disappears from the sequence. A spe- 
cific example is the sequence that includes, in ascending order, the Lane shale, 
Wyandotte limestone, Bonner Springs shale, Plattsburg limestone, and Vilas 
shale. Laterally, the Wyandotte limestone passes out and the Lane and Bonner 
Springs shales form one body; then the Plattsburg limestone passes out, and 
the Vilas shale is added to the other shale units to form one shale body. Far- 
ther on, the Plattsburg limestone appears again, but the limestone beneath the 
Lane shale passes out, and the Lane, Bonner Springs, and an older shale 
(Chanute) form one unit. If to each of these distinct shale intervals is given 
an individual name, there results within a relatively small area, a large number 
of names representing units that are continuous laterally and indistinguish- 
able by lithologic features. It is simpler, and it is permissible under such 
special conditions, to extend to the combined units the names of the lowermost 
and uppermost units of the complete sequence that enter into the combined 
units, separating the names by a hyphen. Thus, the combined units cited 
above would be called the Lane-Bonner Springs shale, the Lane-Vilas shale, 
and the Chanute-Bonner Springs shale, respectively. 

(d) Such a phrase as shale of Warsaw age shall not be construed as specific 
extension of the geographic part of the name into a region where it has not 
previously been applied. 


Article 7.—All sedimentary formations shall receive distinctive designa- 
tions. In general, the names should be binomial, the first part being geo- 
graphic, and the other, ordinarily, lithologic (as, Dakota sandstone), 
though ?* the formation consists of beds differing greatly in constitution, 
so thay 0 single lithologic term is appropriate, the word “formation” may 
be substituted (as, Monmouth formation). 


Remarks.—(a) The only exception to the naming of sedimentary formations 
is that, in some areas, superficial units, such as alluvium and terrace deposits, 
are mapped but are only in part named. 

(b) The geographic term should be the name of a river, town, or other 
natural or artificial feature at or near which the formation is typically 
developed. <A specific locality should be cited which shows a typical develop- 
ment of the unit, and it need not be the exact locality from which the geo- 
graphic name is taken, though it should not be far removed. 

A formation should not be named from the source of its materials—for 
example, Keewatin drift, for materials derived from the Keewatin center. 

(c) Names taken from natural features are generally preferable, because 
less changeable, to those of towns or political divisions. Names derived from 
evanescent sources, such as the ownership of farms or ranches, are particularly 
objectionable, but such names are permissible if no others are available. 

(d) Geographic names consisting of more than one word should be avoided. 
Descriptive terms, such as mountain, river, creek, gulch, fort, and city, shall, 
in general, be excluded from new names, and it is desirable, where practicable, 
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to drop such terms from old names, but it may be necessary in a few cases of 
scarcity of names to retain the terms for distinction from a prior name. 

(e) The rulings of the appropriate national board, such as the United States 
Geographic Board, should govern the spelling of geologic names derived from 
geographic names. 

(f) Precise duplication of geographic names of sedimentary units shall not 
be allowed, except as a most urgent necessity because of the scarcity of avail- 
able names or other conditions, and then only if geographic and stratigraphic 
separation is such as to preclude any possible chance of confusion. This rule 
shall apply with less rigidity to duplication of the name of a sedimentary unit 
for an igneous unit, but such duplication is permissible only for widely sep- 
arated localities. (See Article 9.) Known synonyms should be eliminated as 
far as possible, though experience has shown that such elimination is some- 
times prevented or long delayed by local or political or personal considerations. 

(g) When it seems useful to refer to an obsolete or abandoned formal name, 
the status of the name should be made clear by some such term as abandoned 
or obsolete; or, this may be indicated by using the name preceded by a dagger, 
as *Lafayette gravel, ~La Plata sandstone of Cross. A name, once current 
and then abandoned, is no longer available for any use other than that of 
restoring the original usage. (See Article 9.) 

Some organizations maintain an official list of adopted names. It sometimes 
becomes necessary in publications of the organization to use a name not yet 
adopted or sponsored by the organization. Or, an individual author may wish 
to use a name, already in the literature, that he does not care to sponsor. 
Such a name may be used, in a quotational sense, with an added phrase: as, 
the Jonesville formation of Smith. 

(h) A name that suggests some well-known locality, region, or political divi- 
sion shall not, in general, be applied to a formation or other unit typically 
developed in another less well-known locality of the same name. It would not, 
for example, be advisable to use the name Chicago formation for a unit in 
California. 

(i) Names based only on petrographic or paleontologic features are not to 
be used as formal names in place of geographic names—for example, Cornifer- 
ous, Magnesian, Crinoidal, Saccharoidal. Where such names have been applied 
in the past but have been replaced by geographic names, they shall, if used, 
be placed in parentheses and quotation marks, as Ames (“Crinoidal’) lime- 
stone. 

(j) Generally accepted petrographic or genetic terms shall be used for the 
lithologic part of a formation name; as, limestone, sandstone, shale, tuff, lake 
beds, fanglomerate, mud flow, channel sandstone, redbeds. Combined terms, 
such as sand and clay, shall not be used for the lithologic part of the names of 
sedimentary units of formation rank, nor shall an adjective be used between 
the geographic term and the lithologic term; as, Chattanooga black shale and 
Biwabik iron-bearing formation. Waterlime is not recognized as a lithologic 
term and is to be replaced by limestone. 

(k) Prior usage shall not prevent greater exactness in lithologice designation 
resulting from further work on a formation, as, for example, to replace lime- 
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stone by dolomite, or shale by mudstone, but unfamiliar or complicated petro- 
graphic names should not be thus introduced. 

(1) Sedimentary and volcanic rocks that are interbedded and inseparable 
may be assembled into a formation under one name. 

(m) If applied to indefinite or local subdivisions of stratigraphic units, the 
adjectives lower, middle, and upper shall not be capitalized, except where the 
term is quoted and the quotation indicated—for example, Lower Atlantic Mio- 
cene of Heilprin. 

(n) Neither the lithologic part of a formation name nor the word formation 
shall be capitalized. 

(o) Where the omission of descriptive terms is compatible with clearness, 
or where frequent repetition would make a cumbersome style, the geographic 
name may be used alone; as, the Burlington, for the Burlington limestone. 

(p) It is permissible to use such expressions as the formation or this forma- 
tion in reference to a formation, even though it is formally designated sand- 
stone, limestone, or some other lithologie term. 

(q) Geologie provinces do not coincide with political units. Nevertheless, 
formations are, in general, limited in extent, and for this reason it is gen- 
erally inadvisable to extend into a country the use, for formations and mem- 
bers, of geographic names derived from localities in another country. It may, 
however, prove advisable to adopt the names of well-established units that cross 
international boundaries. It is desirable to avoid conflict of well-known names 
between different countries. (See paragraph f.) 

(r) Names of soils are not regarded as geologic names and do not conflict 
with stratigraphic names. 

(s) Names applied to morainic deposits are in a special class (see Article 
18) and do not conflict with stratigraphic names, even in the same region, 
though usage in these matters should be considered. 

(t) The name of the formation in which fossils of a described fauna or 
flora are found shall be given in the description of each species, even if the 
title of the paper would seem to imply that all the fossils came from the same 
formation. 

Article 8 —Each new formation that receives a formal name must be 


explicitly defined at the time of its proposal, though this rule shall not be 
construed as invalidating well-established names. The definition must 
cite the geographic feature from which the name is taken. It should 
cite, also, a specific locality at which the unit is typically developed, and 
should include a statement of the important facts that led to the discrimi- 
nation of the formation and a statement of the characteristics by which it 
may be identified, whether by geologist or by layman. 


Remarks.—(a) It is requisite that a proposal of a new unit be duly published 
through one of the usual agencies of scientific publication before it shall have 
any validity. 

It is difficult to define specifically what is meant by the phrase “usual 
agencies of scientific publication.” Size of edition is not, in itself, a deter- 
mining factor. Form of publication (type printing, mimeographing, lithog- 
raphy) is not a determining factor—that is, for example, mimeographed 

XXX—BvcLL. Geon. Soc. AM., Vou. 44, 1933 
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matter may constitute valid publication. Availability to the scientific public 
is the chief determining factor. A publication must be generally available, 
either on request or by purchase. Publication in a well-known, regularly 
issued, numbered series naturally meets this requirement. Many independent 
publications also meet it, though it is needful for independent publications 
that some form of notice of publication appear in scientific journals. Such 
ephemeral issues as the press notices of the United States Geological Survey 
are not to be considered agencies of publication under this rule. These press 
notices, for example, are not issued in a series and are not recognized in the 
organization’s own list of publications. Proposals of names in informal or 
restricted mediums, such as letters, company reports unavailable to the public, 
or unpublished addresses, shall have no status in stratigraphic literature. 
Publication in newspapers and commercial or trade journals is not valid publi- 
cation. 

It is requisite that there be definite intent on the part of the author to 
establish a new name. Mere casual mention, such as “the formation at Jones- 
ville schoolhouse,” shall not establish a new name; nor shall bare use without 
definition, as in a table or a columnar section, establish a new name. 

(b) Among the details given in the description of a sedimentary formation 
should be included a summary description of the lithology, a detailed section 
at or near the geographic feature from which the unit is named (see Article 
7, b), a statement of the variations in thickness, a statement of the distribu- 
tion of the formation, a list of the contained fossils or, at least, of the sig- 
nificant fossils, a description of the upper and lower contacts, a statement of 
the physiographic expression of the formation, and an interpretation of the 
correlation and age. 


Article 9—In the application of names to formations, the rule of pri- 
ority, that the first geographic name applied to any unit and duly pub- 
lished shall be accepted, shall generally be observed; but a name but 
has become well established in use shall not be displaced, merely on 
account of priority, by a term not well known or only slightly used. A 
name that has previously been applied to any unit shall, in general, not 
be later applied to another unit. 

Remarks.—Priority shall be defined as priority of date of publication. (See 
Article 8.) Other things being equal, page precedence should decide, as in 
other sets of rules governing scientific nomenclature. 

The term “well established,” as used in this article, is difficult to define 
specifically. The acceptance of a name by several authors is generally taken 
as establishing it. 


Article 10.—The redefinition of a unit to change its content of rocks, 
where such change is demanded by later work, does not necessarily render 
renaming advisable. 


* Remarks.—The immediate circumstances must determine whether, for ex- 
ample, the Pinkney formation of an older classification shall become, in later 
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elaboration, the Pinkney group, containing several formations, or shall be 
divided into a restricted Pinkney formation and one or more other forma- 
tions; or whether the shifting of one or both boundaries will make the unit 
more natural and reasonable. 


Article 11—The rank of a unit, where circumstances dictate, may be 
changed without changing its name or its content of rocks. It is thus 
possible for a member to become a formation, or a formation to become 
a group; or the process may be reversed. 


Remarks.—(a) An assemblage of rocks may change its thickness or char- 
acter notably from one region to another, to such an extent that, for carto- 
graphic purposes, (1) a member may become a formation; (2) a formation, 
with or without named members, may become a group; and (3) a formation 
may become a member. For example, the Morrow is recognized as a formation 
in Oklahoma and as a group in Arkansas; the Osgood formation, Laurel dolo- 
mite, and Waldron shale of Indiana are classed as members of the Wayne 
formation in a portion of Tennessee; the Virgelle sandstone is a formation 
in western Montana and a member of the Kagle sandstone in central Montana. 

(b) In the inevitable subdivision of rocks, as work progresses in a given 
region, it often becomes desirable to change the rank of a unit, without chang- 
ing its content of rocks—for example, the Mesaverde formation of early work 
on the Mesa Verde, Colorado, became, in later work, the Mesaverde group, 
containing three formations. 

(c) In changing the rank of a unit, or in redefining the unit, it shall not 
be permissible to apply the same name to the unit and to a part of it—for 
example, the Astoria group shall not contain an Astoria sandstone, nor the 
Washington formation a Washington sandstone member. 


Article 12.—Formations may be assembled to constitute groups and 
series. Ordinarily, the series is divided into groups, but groups may be 
constituted without the recognition of series. 

Remarks.—(a) These minor aggregates should be so formed as to express 
the natural relations of the formations of the particular region or province, 
rather than to conform to the divisions recognized elsewhere, though they may 


prove to have a wider distribution. 
(b) Sedimentary and volcanic rocks may ke assembled into a group under 


one name, where such association is useful. 


Article 13.—Groups shall receive geographic names, which shall be sub- 
ject to the same restrictions and regulations as apply to formation names. 
Provincial names applied to series shall also be subject to these restrictions 
and regulations. (See Articles 7, 9, 10, and 11.) 

Remarks.—(a) Where accepted units are, for any reason, not separated 


in the field, or where, because of the technical difficulties of representation 
on maps, they are not shown separately, it may become necessary to consider 
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together formations or groups that are not ordinarily combined into a group 
or series. For these informal aggregates, the names of the constituent for- 
mations or groups should be stated—for example, Dakota and Morrison forma- 
tions; Washita and Fredericksburg groups; Burlington limestone, Sedalia lime- 
stone included at the base; Plattin limestone, Decorah formation included at 
the top. Where the formations have not been separated in the field, it is 
common to add the word undifferentiated. 

In map explanations and elsewhere, it is customary to name the units in 
order of age, the youngest first; but where one unit is more conspicuous than 
the others, it may be desirable to depart from this order. 

Where more than two units are combined, it is, ordinarily, better to list the 
units, though the names of the youngest and oldest units may be used, united 
by the word fo. 

(b) In the naming of groups, a lithologic term is not necessary, but in the 
case of a group composed of formations of one dominant lithologie type, the 
appropriate lithologic term may be combined with the group name; as, Ohio 
shale group, Stones River limestone group. 

(c) The term group may be applied in reconnaissance work, particularly 
in Alaska, to assemblages of rocks that have some stratigraphic unity but that 
have not yet been subdivided. It is to be expected that in later work, such 
groups will be divided into named formations. 


Article 14.—When, for scientific or economic reasons, it is desirable 
to map, or simply to recognize, one or more specially developed parts 
of a varied formation, such a part should be called (1) a member, if it 
has considerable geographic extent; (2) a lentil, if it has slight geographic 
extent; (3) a tongue, if it is known that in one direction it wedges out, 
laterally, between sediments of a different lithologic constitution, and 
in the other direction, thickens and becomes part of a larger body of like 
sediments. 

Remarks.—The proper designation of these lesser units rests largely on the 
accidents of exposure. In all probability, the form they happen to present is a 
result of the direction in which erosion has cut into them. A body revealed as 
a lentil might have been a narrow tongue, or a wide tongue might have been a 
member if cut in another direction. 


Article 15.—Members and coordinate subdivisions shall be named in 
the same manner as formations (see Articles 7, 9, 10, and 11), except that 
it is usually not advisable to name all members, and that, in the formal 
name, it is necessary to add the word member, lentil, or tongue to the litho- 
logic designation. Example, Wedington sandstone member of the Fay- 
etteville shale. 

Remarks.—(a) Where the distinction of a unit of member rank depends on 


some property not expressed by the lithologic noun alone, the insertion of an 
adjective is permissible—for example, Roundtop red sandstone member; and 
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the adjective may even be substituted for the lithologic noun where this is the 
same as that of the formation—for example, Mowry siliceous member of the 
Graneros shale. 

(b) It is not necessary that members, named or unnamed, be mapped. If all 
of a series of units are extensive and are named and mapped on a scale of 1 
mile or more to the inch, it is generally desirable that they be considered forma- 
tions rather than members. 

(c) If no one lithologic or descriptive term is appropriate, a member may be 
designated by a geographic name, without a lithologic term—for example, 
Morales member of the Santa Margarita formation. 

(d@) Where members of formations are continuous for long distances, as 
in the Pennsylvanian and Permian rocks of Kansas and Nebraska, it may 
be desirable to name all members of a formation. 

(e) The use of the words member, lentil, and tongue, as portions of the 
formal geologic name is advisable in: 

(1) Columnar and stratigraphic sections—for example, Parkhead sand- 
stone member. 

(2) Tables and lists of contents. 

(3) Headings. 

(4) Formal statements and discussions of stratigraphy. 

(5) Map explanations. 

(6) Formal, detailed descriptions of fossils. 

These terms may not be necessary : 

(1) Where the geologic name is given in parentheses—for example, sand- 
stone 16 feet (Parkhead). 

(2) Where omission of all descriptive terms is compatible with clearness. 

(3) In referring to beds of only economic importance. 

(4) Where frequent repetition in small compass makes cumbersome Eng- 
lish. 


Article 16.—Units of less than member rank—for example, individual 
beds—shall not, in general, receive formal names. Informal or collo- 
quial names may be applied, if expedient, such as the names in common 
use, in the economic applications of geology, for coal beds, oil sands, or 
quarry layers. These names, as such, shall not have a part in formal 
stratigraphic nomenclature. However, such units may be taken into the 
formal nomenclature by the assignment of a geographic name and desig- 
nation as a member or formation, and when so adopted, the member or 
formation name shall be used first and the informal name added in 
parentheses. 

Remarks.—(a) Trade names or other informal names shall be taken into 
consideration in the selection of a formal name for the geologic units to which 
they are applied; but the rule of priority need not be rigidly applied in the 
adoption of such a name, if it is found that various names have been applied 
in different areas to the same geologic unit. 
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(>) Although it is generally inadvisable to apply formal geographic names 
to units of less than member rank, it is conceivable that such usage may some- 
times serve a useful purpose—for example, in describing a very thin but 
widespread bed such as the unit commonly called the Hounsfield metabentonite. 

(c) The application of identical geographic names to several minor units in 
one vertical sequence is always to be considered informal nomenclature—for 
example, the lower Mount Savage coal, Mount Savage fireclay, upper Mount 
Savage coal, Mount Savage rider coal, and Mount Savage sandstone. So, also, 
is the application of identical geographic names to the several lithologic units 
constituting a cycle of sedimentation, such as is described for certain Carbo- 
niferous rocks. This sort of informal duplication of geographic names for 
units of differing constitution in a vertical sequence should be distinguished 
from the formal duplication permitted for lateral change in lithologic consti- 
tution within the same stratigraphic interval. (See Article 6.) _ 

(d) A minor subdivision, based primarily on fossil content, may be desig- 
nated a zone and named after a characteristic fossil, as Hypothyris cuboides 
zone, or a Characteristic genus, as Dufrenoya zone. Such informal terms as 
cephalopod zone are permissible, but they shall not have a part in formal 
stratigraphic nomenclature. An informal descriptive term, such as Lecanospira- 
bearing limestone, is permissible, and so, also, are such quoted terms as “Lecano- 
spira limestone” or “Lecanospira beds,” where such terms are already in the 
literature and it is desirable to show their relations. (See Article 2.) 


Article 17.—Subsurface units shall be given formal names only where 
names are necessary for adequate presentation of the geologic history of 
the region. 


Remarks.—(a) Subsurface units, recognized and named from well logs with 
the assistance of data derived from cuttings or cores, have a special status by 
virtue of the fact that the type data are usually indirect and the type locality, 
at best, is accessible only during the original work. Even when all materials 
are preserved by the original author and can be inspected by later students, 
it will never be possible to repeat the original work in the same manner as 
when dealing with exposed formations. It is desirable, therefore, to keep the 
number of formal names applied only to subsurface units as small as possible. 

(0) Names applied to subsurface units shall be governed by the same 
restrictions and regulations as prevail for exposed units. (See Articles 7, 9, 
10, and 11.) 

(c) When it becomes possible to correlate a named subsurface unit with a 
named surface unit, the name of the surface unit is to be applied, even though 
the subsurface name has priority. 

(d) In proposing a new name for a subsurface unit, it is desirable to describe, 
for the type section, the following features: 

(1) Location of the type-locality well, as accurately as possible; name of 
operating company or individual ; date of drilling; results and pres- 
ent status of the well; elevation of surface at the well and depth to 
top and bottom of the new unit. 


ae 
> 
ee 


SECTION II.—SEDIMENTARY ROCK UNITS 441 


(2) Lithology, upper and lower contacts, and drilling characteristics 
(hard, soft, sticky, ete.) of the new unit. 
(8) Fauna and flora. 
(4) Nature of underlying and overlying units. 
(5) Correlation and position in the general stratigraphic scale. 
(6) Present location of the cuttings or samples. 
(7) Present location of the fossils. 
(8) Log of the well. 
The cuttings and the fossils, accompanied by copies of the log, should be 
placed in some official, permanent depository. 


Article 18.—In the naming of surficial deposits that are chiefly of 
Tertiary and Quaternary age, geographic names may be used; but, in 
general, formal names shall not be applied to deposits of merely local 
extent. Names for general or widely recognized units, such as the 
Wisconsin till, shall be subject to the restrictions and regulations that 
apply to other stratigraphic names, but informal names for distinctly 
local deposits and physiographic names for land forms shall not be so 
subject. (See, also, Articles 2, paragraph a; 7, paragraph 7; and 26.) 


Remarks.—(a) In the past, constructional land forms—that is, land forms 
built up of surficial deposits—have been somewhat confused, in the nomencla- 
ture of parts of the Tertiary and Quaternary, with the deposits themselves 
and with the time intervals represented by their formation. Constructional 
land forms and destructional land forms record the geologic events of certain 
time intervals; and, in many places, such land forms, occurring in series, 
afford the best record of the local sequence of events and the best basis for 
regional correlations. Yet, in spite of the fact that they have this time 
significance, constructional land forms, as such, are no more properly con- 
sidered stratigraphic units than are destructional land forms. Hence, the geo- 
graphic names applied to constructional land forms, apart from deposits, do 
not fall within the field of stratigraphic nomenclature, although the names 
that are applied specifically to their constituent deposits do. 

(bo) The term moraine has, in practice, been applied both to the land forms 
and to the constituent glacial deposits. Where the term has been applied to 
deposits in conjunction with a geographic name, the terminology is purely 
stratigraphic; but where the terms moraine and morainic system have been 
applied to the morainic ridges, as such, in conjunction with a geographic name, 
the units are land forms (physiographic units), not stratigraphic units. Thus, 
the Bemis moraine, a single ridge; the Altamont morainic system, consisting of 
a number of associated ridges; and the Gary moraines, a group varying locally 
from one to five ridges, are all physiographic units, and are all composed of 
late Wisconsin drift, a stratigraphic unit. (See Article 7, paragraphs 6 and s.) 

Among other land forms which are built up of surficial deposits and to 
which this principle may apply may be mentioned drumlins, eskers, beaches 
marking shore lines of ancient lakes, deltas, stream fans, alluvial slopes (such 
as those in the arid West that are characteristically composed of fanglomer- 
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ate), alluvial plains, terrace plains, terraces representing remnants of alluvial 
plains, dunes, volcanoes, cinder cones, and other constructional forms made of 
extrusive volcanic materials. 

(c) The geographic part of a formation name applied to a surficial deposit 
may, where it seems desirable to the author, be applied to the land surface 
formed by that formation, provided that the top of the deposit is essentially 
the original constructional surface; and it may also be applied to any con- 
tiguous surface, whether constructional or destructional, that is of the same 
age. A formation name should not be applied to the surface or the uncon- 
formity beneath a formation, unless the deposits are so thin and scattered that 
their upper and lower surfaces can not, with convenience, be mapped sepa- 
rately. It is particularly undesirable that a name be duplicated for a land 
surface and for a rock unit of totally different age in the same general region— 
for example, Jonesville erosion surface and Jonesville sandstone, (See Article 


26.) 
SECTION III.—IGNEOUS ROCK UNITS 


Article 19.—The discrimination of formations, especially as carto- 
graphic units, among the igneous rocks of any region is desirable in order 


to represent three kinds of facts: 
(1) The mode of occurrence; as, lava flows, stocks, dikes, laccoliths, 


etc. 
(2) The mineral and textural characters, which are, in part, con- 


trolled by the chemical composition of the magma, but, in part, 
influenced by local conditions of consolidation. 

(3) The chemical composition, which is, to some extent, expressed in 
the nomenclature of the rocks. 


Remarks.—(a) The constant or varying chemical character of the magmas 
erupted at different times from one vent, and the similarity or contrast of 
those erupted in widely distinct periods, or in different areas, are important 
features in geologic history, and must be considered in classification. Though 
all the petrographic divisions founded upon the various characters of igneous 
rocks can not usually be represented on a map, it is permissible and desirable 
to discriminate all units whose characters render them locally notable or of 
economic importance. Inasmuch as rules can not be laid down to cover the de- 
tails of such matters, the geologist is expected to exercise his judgment as to 
what is desirable in each case. 

(b) Facies of a single geologic body of igneous rock may be discriminated, 
cartographically, without showing a definite contact between them, if they are 
truly transitional. Composite igneous bodies may, exceptionally, be mapped 
as units, but this should not be regarded as standard practice if the map scale 


permits their distinction. 


Article 20.—The name by which an igneous formation is designated 
may consist of (1) the petrographic term alone, or (2) a geographic term 
and the petrographic term, if a geographic name seems useful. 
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Remarks.—(a) The petrographic term for cartographic use should be one 
that is comparatively well known—for example, granite or basalt—though it 
may, exceptionally, indicate a mode of occurrence, as lava, tuff, sill, or dike. 
The more technical rock designations and classifications may be given in the 
descriptions in the text of the accompanying report, though, where no well- 
known group term applies, the simplest technical name possible should be 
used. A modifying adjective or a hyphenated term may be used where neces- 
sary; as, porphyritic, rhyolite-dacite, soda rhyolite, breecia-agglomerate. 

(6) If an igneous formation consists of members so diverse in character 
that no single petrographic term can be selected which indicates its dominant 
type, the word formation shall, ordinarily, be used in place of the petrographic 
term. 

(c) If a large mass is composed of diverse rocks of any class or classes and 
is characterized by highly complicated structure, the word complex may be 
used instead of a petrographic term, 

(ad) The local importance of igneous masses may render the use of a geo- 
graphic term, in connection with the petrographic name, highly advantageous. 
By this means, not only may different masses of one petrographic type be 
designated, but petrographic differences may be emphasized without recourse 
to technical names—for example, Montezuma quartz monzonite, Pikes Peak 
granite. 

(e) Geographic names used for igneous formations shall be subject to the 
same restrictions and regulations as apply to names used for sedimentary 
formations, except that a geographic name applied to an igneous mass of small 
lateral extent need not be as rigidly subject to the rules of priority and du- 
plication as names for sedimentary formations, though these rules shall be fol- 
lowed whenever possible (see Article 7, paragraph c, and Article 9). For 
small masses, it is usually sufficient to use informal designations, such as the 
basalt of Table Mountain, quartz monzonite in Buckskin Gulch, granite at the 
Bluebird mine. 

(f) If a formal name is given to an aggregate of two or more igneous for- 
mations, the first part of the name shall be a geographic term and the second 
part the word group, or a term, such as granite group, indicative of the char- 
acter of the group. <A group of igneous formations may comprise units re- 
lated as a superposed sequence, or it may comprise units related in some other 
way—for example, a number of bodies of similar granite may receive col- 
lectively a group name. 

(g) The rocks resulting from a succession of extensive eruptions may be 
called a series. Such a name should always include, between the geographic 
term and the word series, an adjective term like basalt, volcanic, or intrusive, 
indicative of the character of the series and marking the usage as different 
from that for standard series, in which a lithologic term is not used. 

(h) Sedimentary and volcanic rocks that are interbedded and cartographi- 
cally inseparable may be assembled into a formation. Alternations of sedi- 
mentary and volcanic formations may be assembled into a group. 

(1) Some assemblages of volcanic rocks consist dominantly of lava and 
pyroclastic rocks of different kinds that can not conveniently be separated for 
cartographic purposes, except perhaps locally, either because of rapid lateral 
variation or because of close similarities in appearance, resulting from meta- 
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morphism or other causes. To such an assemblage, the word volcanics may 
be applied—for example, Casto volcanics. 


SECTION IV.—METAMORPHIC ROCK UNITS 

Article 21.—The discrimination of formations, particularly as carto- 
graphic units, among metamorphic rocks should be based, primarily, on 
their petrographic features. Within the limits so established, however, 
units should be chosen to show, as far as possible, (1) the mutual rela- 
tions of the formations and their relations to other geologic bodies; 
(2) their intrinsic structural features, such as schistosity, cleavage, and 
mylonitization, which may be a significant index to their origin and 
history. 


Remarks.—(a) Inasmuch as metamorphic rocks have been formed by vari- 
ous processes from many sorts of sedimentary and igneous rocks, and as the 
changes effected may have proceeded to various degrees of completeness, the 
resulting products are exceedingly varied. The discrimination of formations 
in metamorphic rocks is, therefore, too complex a problem to permit the laying 
down of rules to cover details. As with igneous rocks, it is permissible and 
desirable to discriminate all units whose character renders them locally no- 
table, or which are of economic importance. The geologist must exercise his 
best judgment in each case. 

(b) For cartographic purposes, masses of metamorphic rocks of approxi- 
mately uniform character that are large enough for representation should 
be discriminated. 

(c) If an aggregate of metamorphic rocks, such as schists and gneisses, 
changes rapidly in constitution from place to place, map units should be so 
chosen as to associate rocks with common characteristics. 

(d) If part of an igneous or sedimentary mass has been greatly altered, 
the limits between the greatly changed and the comparatively unchanged por- 
tions should be expressed cartographically, where the map scale permits. 

(e) Where two or more adjacent formations are metamorphosed, they 
should, if practicable, be discriminated throughout the metamorphic area. 

(f) The rule that petrographic features are the primary basis of discriminat- 
ing metamorphic formations shall not be so rigorously applied as to demand es- 
tablishing new formations within the same geologic body, merely because its 
mineral facies or texture varies from place to place. 


Article 22.—The name by which a metamorphic formation is desig- 
nated may consist of (1) the petrographic term alone, or (2) a geographic 
term and the petrographic term, if a geographic name is useful. 


Remarks.—(a) The petrographic term should be, where not incompatible 
with precision, one of the generally accepted terms—for example, phyllite, 
schist, gneiss, marble, hornfels, amphibolite, or eclogite. This term may be 
modified by a descriptive term; as, mica schist, granite gneiss. 

(b) Where no single petrographic term is appropriate, the word formation 
shall ordinarily be used instead of the petrographic term. 
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(c) Where a large mass is composed of diverse rocks of any class, or classes, 
and is characterized by highly complicated structure, the word complex may 
be used. 

(d) A geographic name, used for a metamorphic formation, shall be sub- 
ject to the same rules as govern names used for sedimentary formations. 


SECTION V.—CORRELATION AND TIME CLASSIFICATION 


Article 23.—Fundamental data of geologic history are (1) the local, 
provincial sequences of rocks; (2) chronologic equivalence of the rocks 
in the different provinces, as deduced from the fossil faunas and floras 
and from other data. 


Remarks.—(a) Through correlation by faunas and floras, all the local 
rocks are referred to a standard time scale. In its beginning, this scale was 
purely stratigraphic, and the units were the systems recognized in specific 
regions. It has since been generally accepted, however, that, for purposes of 
discussion and correlation, it is useful to conceive these separate systems as 
the deposits formed during the separate time divisions called periods, and 
thus a standard time scale has been created. It is customary to speak of 
the chronologic equivalence of different rock units, though it is not possible 
actually to prove exact equivalence in time, and there is always inherent in 
such usage an element of assumption. Nevertheless, the concept of standard 
time units, based upon a standard stratigraphic scale, is a necessity for clear 
and orderly presentation of historical data. 

(b) Correlation of nonfossiliferous rocks with the standard time scale is 
necessarily indirect, if possible at all. It must depend on some definite rela- 
tion to fossiliferous rocks that can be referred to the general scale. 

(c) Even in a small map area, there is need for correlation between ex- 
posures of the same minor unit, and between units of the map area and those 
of adjacent areas. Often these local correlations may be made without 
paleontologic data. With increase in size of the area considered, generally ac- 
companied by a reduction in the scale of the map, the map units must be more 
inclusive and the correlations more general; there is less use for lithologic 
features and greater need for paleontologic criteria. Eventually, for the 
most inclusive maps, as state and national maps, the local units are negli- 
gible, and the standard, widespread units are of greatest importance. Cor- 
relation of these units must be based on paleontologic data. 


Article 24.—The following divisions of geologic time are recognized: 

(1) Fra, the largest division of geologic time, consisting of several 
periods. Example, Paleozoic era. 

(2) Period, the fundamental unit of the standard geologic time scale, 
the time during which a standard system of rocks was formed. 
Example, Devonian period. 

(3) Epoch, a subdivision of a period. The term is applied primarily 
toa major subdivis‘on, but it is likewise used for any subordinate 
unit except for the subdivisions of the Pleistocene epoch. Ex- 
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amples, Karly Devonian epoch, and, for part of it, Oriskany 
epoch. 


Remarks.—(a) The names applied to the eras are based on the concept of 
progressive change in the life of the earth, and end in the suffix zoic. 

(vb) The names applied to the periods are derived from the names of rock 
units in specific regions, mainly in western Europe—that is, the time in- 
cluded in the period is, theoretically, that time during which was being 
formed the specific rock unit from which the name came. Actually, the type 
region may contain only a part of the full sequence assigned, in general 
usage, to the particular system—for example, the Devonian of Devonshire, 
England—but it is customary to select other regions where the sequence is 
more nearly complete to supplement the type regions and to erect, thereby, 
a composite practical standard. Thus, the working concept is formed of the 
standard unit of time corresponding to the standard sequence of rocks. In 
these rocks occur fossils that serve as a means of referring other sequences 
of rocks to the standard time unit. 

In general, the period is the smallest unit believed to be recognizable 
throughout the world—a fact indicated in the adoption everywhere of the 
names originally applied in Europe. By custom, certain epoch names are also 
widely used and imply a world-wide recognition—for example, the Eocene 
epoch. However, the modifications of correlation that inevitably follow in- 
creased knowledge, and the shifting of opinion among specialists, about the 
precise limits of even such broad divisions as periods, make it seem much more 
likely that no divisions subordinate in rank to periods can approximate the 
ideal of universal recognition. 

(c) The names applied to the epochs corresponding to standard series are 
derived from those of the periods by using the words Early, Medial, and Late; 
or from the names of subordinate rock units. In names derived from the 
periods, as Early Devonian, both words are capitalized. In any other use, 
early, medial, and late are not capitalized. 

(d) Adjective terms ending in an, derived from the names of subordinate 
rock units, such as Niagaran or Claibornian, may be used to indicate correla- 
tion or approximate position in the general time scale, provided that the geo- 
logic limits implied by the adjective shall be essentially those of the original 
unit. However, considerations of euphony may make it desirable to avoid 
the adjective form of some terms. 

(e) Various terms have been proposed for the lesser subdivisions of geo- 
logic time. For example, the International Geological Congress has adopted, 
in addition to era, period, and epoch, the terms subepoch, age, and phase. 
These three have found little acceptance in America, for epoch and the some- 
what indefinite term time have seemed to answer satisfactorily for all units 
subordinate to period. 

(f) By long-continued custom in the United States, the time covered by a 
Pleistocene subdivision of formational rank is called a stage, and the time 
covered by a Pleistocene subdivision of member rank is called a substage. 
(See Article 2.) 

(g) An explanation accompanying a map should indicate the names of the 
formations, together with their assignment to periods, and, wherever practi- 
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cable, their more definite correlation. either by reference to established epochs 
or to early, medial, or late portions of the respective periods. The presence 
of erosion intervals and unconformities may be indicated in the explanation 


of the map. 


Article 25.—In the classification of a formation, if paleontologic evi- 
dence is lacking or inconclusive, leaving doubt as to the period to which 
the formation belongs, it shall, in general, be referred to some one period, 
according to the preponderance of all available evidence, and the doubt 
as to the reference shall be indicated by a question mark, or by the word 
probably (or possibly). On map explanations, the doubt shall be indi- 
cated by dashing the bracket opposite the doubtful block. 

Remarks.—(a) If the available paleontologic evidence is interpreted to 
show that a formation is transitional between two periods, its supposed tran- 
sitional character may be indicated by a combination of period names—as 
Cretaceous and Tertiary—but it is usually desirable to avoid such a com- 
bination, even if an arbitrary classification is thereby made necessary. It is. 
not to be denied that transitional units exist, but for practical purposes a 
doubt in classification is as well expressed by a queried assignment as by a 


combination of names. 
(b) If the age of a formation is indeterminate within wide limits, the best 


possible assignment may be merely an indefinite reference by the prefix post 
or pre, used with the name of the unit nearest to it whose age assignment 
is definite. For example, a granite may be known merely to be pre-Cretaceous, 
or it may be known merely to be post-Cambrian. 

Article 26.—The time intervals represented by unconformities shall not 
receive formal names. They should, in general, be referred to preceding 
or succeeding formations by the prefixes pre and post—for example, pre- 
Moenkopi interval, post-Laramie interval. Where such convenient names 
for time intervals as Lipalian interval and Laramide revolution are used, 
they shall have no part in formal stratigraphic nomenclature. Similarly, 
the naming of time intervals represented by cycles of erosion that are 
expressed in present-day land forms—for example, Elk Valley erosion 
cycle—is permissible, but such physiographic names, likewise, have no 
part in formal stratigraphic nomenclature. 

Remarks.—It is undesirable to use the same geographic name for an erosion 
cycle or erosion surface and for a rock unit—for example, Fremont erosion cycle 
in Wyoming and Fremont limestone in Colorado—though such duplication may 
be useful if an erosion surface is continuous with the surface constructed 
from the deposits, so that both surface and deposits are of approximately the 
same age (see Article 18). It is particularly undesirable to duplicate in the 
same region, a geographic name for an erosion cycle and erosion surface and 
for a rock unit of totally different age—for example, Jonesville cycle and ero- 
sion surface and Jonesville group, both names derived from the Jonesville ~ 


Hills. 
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APPENDIX 


PARTIAL LIST OF PAPERS BEARING ON THE PRINCIPLES OF CLASSIFICA- 
TION AND NOMENCLATURE OF ROCK UNITS 

[Papers that deal almost entirely with specific questions of age classification, 
terminology, and correlation are not included.] 


This list does not pretend to be complete. It lacks, for example, any 
citations of European and American textbooks, many of which deal with 
classification and nomenclature. Most of these textbooks are well known, 
however, and will be taken up as a matter of course by those interested 
in the subject. No doubt other American titles could be added, and 
certainly the list is far from complete for European literature. It is 
believed, nevertheless, that the list will be an aid to the reader. 


G. H. AsHLEy: A geologic time scale. Engineering and Miniag Journal Press, 
volume 115, pages 1106-1109, 1923. 

———-: Proposed stratigraphic section and code. [Abstract, with discussion.] 
Geological Society of America Bulletin, volume 35, pages 101-103, 1924. 

———-: A stratigraphic time seale. Pennsylvania Topographic and Geologic 
Survey Bulletin 91, 1927. 

——-: Stratigraphic nomenclature. Geological Society of America Bulletin, 
volume 43, pages 469-476, 1932. 

W. T. BLANForD: On the classification of sedimentary strata. Geological Maga- 
zine, 3d series, volume 1, pages 318-321, 1884. 

S. S. BuckKMAN: The Bajocian of the Sherborne district: Its relation to sub- 
jacent and superjacent strata. Geological Society of London, Quar- 
terly Journal, volume 49, pages 479-522, 1893. 

-———: On the grouping of some divisions of so-called “Jurassic” time. Geo- 
logical Society of London, Quarterly Journal, volume 54, pages 442- 
462, 1898. 

T. C. CHAMBERLIN: The ulterior basis of time divisions and the classification 
of geologic history. Journal of Geology, volume 6, pages 449-462, 1898. 

— —: [Nomenclature in geology.] Journal of Geology, volume 9, pages 267- 
270, 1901. 

———: [Geologic nomenclature.] Journal of Geology, volume 15, pages 817- 
819, 1907. 

———-: Diastrophism as the ultimate basis of correlation, in “Outlines of 
Geologic History,” chapter 16, pages 298-306, 1910. 

J. M. CLarKeE: Nomenclature of the New York series of geologic formations. 
(Proceedings, Eighth Annual Conference, New York State Science 
Teachers Association.) High School Bulletin 25, pages 495-505, 1904. 

H. C. Cooke: “Between the Archean and the Keweenawan is the Huronian.” 
Royal Society of Canada Transactions, volume 20, section 4, pages 
17-37, 1926. 

M. ve CortTazar: Sur la nomenclature géologique. Cong. géol. internat., 
Bologne (1881), Comptes rendus, pages 105-110, 1882. 
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WHITMAN Cross: Geologic formations versus lithologic individuals. Journal 
of Geology, volume 10, pages 223-244, 1902. 

J. D. Dana: On American geological history. American Journal of Science, 
2d series, volume 22, pages 305-334, 1856. 

G. M. Dawson: Duplication of geologic formation names. Science, new series, 
volume 9, pages 592-593, 1899. 
J. E. Eaton: Standards in correlation. American Association of Petroleum 
Geologists Bulletin, volume 15, pages 367-384, 1931. 
: Discussion of paper by F. A. Melton [q. v.]. American Association of 
Petroleum Geologists Bulletin, volume 16, pages 1043-1044, 1932. 
E. C. EcKEL: The formation as the basis for geologic mapping. Journal of 
Geology, volume 9, pages 708-717, 1901. 

C. L. Fenton and M. A. Fenton: Ecologic interpretations of some biostrati- 
graphic terms. American Midland Naturalist, volume 11, number 1, 
pages 1-23, 1928. 

Fritz FrecH: Ueber Abgrenzung und Benennung der geologischen Schichten- 
gruppen. Cong. géol. internat., St. Pétersbourg (1897), Comptes ren- 
dus, pages 27-52, 1899. 
PeRSIFOR FRAZER, JR.: The work of the International Congress of Geologists 
and of its committees, Berlin, 1888. Published by the American Com- 
mittee, 1886. 
: [Discussion of address by G. K. Gilbert on “The work of the Inter- 
national Congress of Geologists.”] American Naturalist, volume 21, 
pages 841-847, 1887. 
G. K. G1itBErt: The work of the International Congress of Geologists. Ameri- 
can Journal of Science, 3d series, volume 34, pages 430-451, 1887, 
: Capitalization of names of formations. Science, volume 3, pages 59- 
60, 1884. 
——-: [Classification of methods of correlation.j| [Abstract with extensive 
discussion.] American Geologist, volume 8, pages 249-256, 1891. 
: Regulation of nomenclature in the work of the United States Geo- 
logical Survey. American Geologist, volume 33, pages 138-142, 1904. 
G. K. Giveert and others: Discussion sur la corrélation des roches clastiques. 
Cong. géol. internat., Washington (1891), Comptes rendus, pages 151- 
175, 1893. 

A. W. Grapav: Principles of stratigraphy, pages 1102-1105, New York, 1913. 

Epwarp GREENLY and HoweL WILLIAMS: Methods in geological surveying, 
pages 182-188, 1930. 

J. W. Grecory and B. H. Barrerr: The major terms of the pre-Paleozoic. 
Journal of Geology, volume 35, pages 734-742, 1927. 

M. E. Hésert: Nomenclature et classification géologiques. Annales sci. géol.. 
volume 11, part 4, pages 1-15, 1881. 

Tuomas Huxiey: The anniversary address. Geological Society of London, 
Quarterly Journal, volume 18, pages xI-liv, 1862. 

A, J. JuKES-BRowN: Zones and “chronological” maps. 
4th series, volume 6, pages 216-219, 1899. 

: The student’s handbook of stratigraphical geology, 2d edition, pages 


22-23, 1912. 


Geological Magazine, 
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ARTHUR KEITH: The status of geologic names. [Abstract.] Science, new 
series, volume 30, pages 974-975, 1909. 

C. R. Keyes: Modern stratigraphical nomenclature. Science, new series, vol- 
ume 7, pages 571-572, 1898. 

———: The use of local names in geology. Journal of Geology, volume 6, 
pages 161-170, 1898. 

———-: Uniformity in geological classifications. Pan-American Geologist, vol- 
ume 39, pages 239-246, 1923. 

——: Standardization of geological terminology. Pan-American Geologist, 
volume 48, pages 213-218, 1927. 

A. C. LANE: The geologic day. Journal of Geology, volume 14, pages 425-429, 
1906. 

A. C. Lawson: The correlation of the pre-Cambrian rocks of the region of 
the Great Lakes. California University. Department of Geology 
Bulletin, volume 10, pages 1-19, 1916. 

: The classification and correlation of the pre-Cambrian rocks. Idem, 
volume 19, pages 275-293, 1930. 

JosepH Le Contre: The Ozarkian and its significance in theoretical geology. 

Journal of Geology, volume 7, pages 525-544, especially pages 535-544, 
1899. 

JOSEPH LE CoNnTE and others: A symposium on the classification and nomen- 
clature of geologic time divisions. Journal of Geology, volume 6, pages 
333-355, 1898. 

A. 1. LEvVoRSEN: Report of Association committee on stratigraphic nomencla- 
ture. American Association of Petroleum Geologists Bulletin, volume 
15, pages 700-702, 1931. 

Jutes Marcou: American geological classification and nomenclature, Cam- 
bridge, Mass., 1888. 

J. E. Marr: The principles of stratigraphical geology, page 87, 1898. 

: Deposition of the sedimentary rocks, pages 15, 22, 37, 1929. 

E. A. Martin: Break names in geological history. Southeastern Union of Scien- 
tific Societies Transactions, 1926, pages 52-56 [not seen]. 

O. MarovuseK : Motion on the uniformity of stratigraphical terminology. Cong. 
géol. internat., Spain (1926), Comptes rendus, part 4, pages 1965-1968, 
1928; also (with modifications) Pan-American Geologist, volume 47, 
pages 221-225, 1927. 

F. A. MELton : Time equivalent versus lithologic extension of formations. Amer- 
ican Association of Petroleum Geologists Bulletin, volume 16, pages 
1039-1048, 1044, 1932. 

R. C. Moore: A reclassification of the Pennsylvanian system in the northern 
Mid-Continent region. Kansas Geological Society Guidebook, 6th An- 
nual Conference, pages 83-87, 1932. 

RicHARD OWEN: Résumé d’un rapport sur l’unification de la nomenclature 
géologique: Cong. géol. internat., Bologne (1881), Comptes rendus, 
pages 623-626, 1882. 

J. W. Powet_: Plan of publication. United States Geological Survey, Second 
Annual Report, pages XL-LIV, especially pages XLV-XLVI, 1882. 
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J. W. PowEtt: Sur la nomenclature générale, sur le coloriage et les signes con- 
ventionnels des cartes géologiques. Cong. géol. internat., Bologne 
(1881), Comptes rendus, pages 627-641, 1882. 
: Methods of geologic cartography in use by the United States Geological 
Survey. Cong. géol. internat., Berlin (1885), Comptes rendus, pages 
221-240, 1888. 
: Conference on map publication. United States Geological Survey, 
Tenth Annual Report, part 1, pages 56-79, 1890. 
EUGENE RENEVIER: Tableau des terrains sédimentaires. Soc. vaudoise Bull., 
volume 13, pages 218-252, 1874. 
: Résolutions concernant la nomenclature et les couleurs votées par le 
congrés, Cong. géol. internat., Bologne (1881), Comptes rendus, pages 
196-197, 1882. (See also pages 90-92, 107-109, 458, 486, 492, 516, 536, 
551-554, 610.) 
: Les facies géologiques. Arch. sci. phys. nat., volume 12, pages 297-333, 
1884. 
——: Chronographe géologique. Cong. géol. internat., Zurich (1894), 
Comptes rendus, pages 523-695, 1897. 
: Commission internationale de classification stratigraphique, rapport. 
Cong. géol. internat., Paris (1900), Comptes rendus, pages 192-203, 
1901. 
A. Renier: Une premiére application officielle d’un systéme de notations strati- 
graphiques purement numériques. Soc. géol. Belgique Annales, volume 
50, Bulletin 1, pages 41-44, 1926. 

H. D. Rocers: [On the nomenclature of superposed strata.] Boston Society of 
Natural History Proceedings, volume 6, pages 183-184, 1857. 
CHARLES SCHUCHERT: The delimitation of the geologie periods illustrated by 
the paleogeography of North America. Cong. géol. internat., Ottawa 
(1918), Comptes rendus, pages 555-591, 1914. 
: On pre-Cambrian nomenclature. American Journal of Science, 4th 
series, volume 42, pages 475-485, 1916. 
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INTRODUCTION 


Custom decrees that the Chairman of your Section should, at the inter- 
val of a year following his presidency, deliver before you an appropriate ad- 
It has seemed to me that | could best command your interest in 


dress. 
field of discussion where every one of us, geographer and geologist 


some 
alike, has had experience. So I have selected the broad field connoted by 


the highly inclusive term, “scientific investigation”; and I would direct 
your attention, not to any particular results of such investigation, but to 
a concrete problem of method which I suppose must concern every scien- 
tific worker. This problem can briefly be stated as follows: What is the 


1Monuscript received by the Secretary of the Society April 20, 1935, 
* Expanded form of address as retiring Vice-President and Chairman of Section E, 


American Association for the Advancement of Science. 


(461) 


XXXI—BvuLL. Soc. AM., Vou. 44, 19233 


— 
{ 
; 


462 DOUGLAS JOHNSON—ROLE OF ANALYSIS 


precise réle of analysis in a properly conceived and successfully executed 
scientific investigation ? 

To answer such a question it is obvious that we must first determine, 
as best we may, what constitutes “a properly conceived and successfully 
executed scientific investigation.” The early part of my address will be 
directed to this end. The latter part may then the more effectively dis- 
cuss the value of analysis as an instrument of precision in research. 

For a preface to my remarks I can do no better than quote from the 
opening paragraphs of Gilbert’s presidential address before the American 
Society of Naturalists, delivered almost half a century ago: “In the state- 
ment of these considerations it is impossible to avoid that which is familiar, 
and even much that is trite. Indeed all expectation of entertaining or 
edifying you with the original or the new may as well be disclaimed at the 
outset. I shall merely attempt to outline certain familiar principles, the 
common property of scientific men, with such accentuations of light and 
shade as belong to my individual point of view.” * 

Obviously, my particular point of view, like Gilbert’s, must be that of 
the student of earth science. It goes without saying that I am not com- 
petent to speak of methods of research in chemistry and physics, where 
experiment plays a far larger role than in geology and geography. So, 
also, the biologist, the astronomer, and investigators in other fields must 
speak for themselves. For this reason the title of my address may seem 
unduly ambitious. Yet I prefer the broader, more inclusive term “scien- 
tific investigation” to the more restricted, if more accurate, “geologic and 
geographic investigation,” because it seems to me probable that some of 
the principles here discussed may find application beyond the limits of my 
particular field. 

One characteristic of earth science deserves special emphasis in this 
connection. Most problems in geology, including geomorphology, involve 
the invisible past. We study phenomena produced long ago; and even 
where the responsible processes continue to operate, it is usually at a rate 
so slow as to give limited and imperfect information concerning their 
past performance. Furthermore, we can utilize experiment in solving our 
problems only in restricted measure. For us, the scientific method involves 
extended and deeply penetrating mental processes to which special atten- 
tion must be given in our discussion. 

It is a pleasure to express here my indebtedness to several of my Colum- 


2G. K. Gilbert : The Inculeation of Scientific Method by Example, with an Illustration 
drawn from the Quaternary Geology of Utah. Amer. Jour. Sci., 3rd ser., vol. 31, p. 284, 
1886. 
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bia colleagues, Robert S. Woodworth, Professor of Psychology; Adam 
Leroy Jones, Associate Professor of Philosophy; Sam F. Trelease, Pro- 
fessor of Botany ; and George B. Pegram, Professor of Physics ; who were 
good enough to read the address in manuscript form and give me the 
benefit of helpful criticisms. To Professor William Morris Davis I am 
indebted not only for very full comments on the manuscript which have 
enabled me greatly to improve its form and contents, but above all for 
penetrating and constructive discussions of method during association 
with him for thirty years as student, colleague, and friend. But neither 
Professor Davis nor others have any responsibility for the views expressed 
in these pages.® 


THE ScrentTiIFIC METHOD 


“Nothing has such power to broaden the mind as the ability to investigate 
systematically and truly all that comes under thy observation in life.”—Medi- 
tations of Marcus Aurelius. 


BACKGROUND AND DEFINITION 


The quest of Truth remains today, as it has remained throughout the 
ages, the supreme manifestation of the human intellect. And the orderly 
procedure of the mind by which this quest is prosecuted has long provided 
a fascinating subject for study. From the days of Zeno, Socrates, Plato, 
and Aristotle the “intellectual processes operative in the acquisition and 
in the creation of knowledge” have been intensively investigated. Out of 
these studies came the deductive, or Aristotelian, logic of the ancient 
Greeks. Perverted by the scholastic philosophers of the Middle Ages, the 
deductive process had fallen into disrepute when the scientific era opened 
with the great discoveries of the fifteenth and sixteenth centuries. William 
Gilbert in his “Treatise on Magnetism” and Francis Bacon in his “Novum 
Organum” condemned the scholastic method of reasoning, and pointed the 
way to a process in which the mind should start with the more common 
and obvious facts of nature, then move forward to things more complex 
until generalizations could be formulated and hidden causes discovered. 
Thus was born modern inductive logic, sometimes called “the scientific 
method.” * But the scientific method of today is as far removed from that 


3 Professor Davis, in particular, dissents from my use of “inductive inference” ; from 
the treatment of “Verification and Elimination” as a single stage in investigation ; from 
the use of “Interpretation” rather than “Explanation” as the name of the final stage; 
and from various other phrases and passages in the text. Nor does he recognize that 
analysis is a process properly involved in the several stages of an investigation. 


4Cf. D. S. Robinson: The Principles of Reasoning, pp. 333-3438, 1930. 
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advocated by Bacon as is modern deductive logic from the legalistic 
quibbles of the schoolmen. 

For purposes of this discussion I shall define “scientific method” as 
any method which effectively utilizes the several powers of the mind in 
a systematic, impersonal, non-emotional, unprejudiced effort to discover 
the origin and relationships of phenomena, and the laws which control 
their manifestation. The powers of the mind must be effectively utilized, 
for incorrect habits of thought may lead to the obscuring, rather than to 
the discovering, of truth. Not one capacity of the mind, but its several 
capacities, must be utilized. Observation, memory, comparison, classifica- 
tion, generalization, analysis and synthesis, induction and deduction, in- 
vention, experimentation, prediction, verification, revision, confirmation 
and interpretation—all these may, and a number of them must, be present 
in any truly scientific investigation. The procedure must be systematic,® 
for unguided, haphazard inquiry leads to omission of essentials, and con- 
sequent falsifying of results. It must be impersonal, since the discovery 
of things as they are is impossible to him who seeks to find them as he 
or others think they should be. It must be non-emoltonal, for when 
emotion claims the throne, reason abdicates. And finally, the procedure 
must be unprejudiced, for biased judgment is a poor instrument with 
which to seek the truth. 


PLACE OF DEDUCTION IN THE SCIENTIFIC METHOD 


Of all the factors involved in the scientific method as above defined, 
only one is likely to be challenged by any considerable number of men. 
Over three hundred years ago Francis Bacon was declaiming against the 
employment of hypothesis and deduction in scientific investigation. To- 
day there are those who echo his criticism. You may call to mind the 
names of eminent geographers and geologists who view with disfavor 
Davis’s extended employment of the deductive method in geomorphology. 
Their criticism is born, not so much of failure to recognize that Davis has 
made skillful and fruitful use of the method, as of a deep conviction that 
the method itself is dangerous, and apt to give results of artificial, rather 
than intrinsic, value. 

What is this “deduction” which the ancient Greeks developed, the 
scholastic philosophers perverted, Francis Bacon condemned, and some of 
our colleagues hesitate to employ? Since we are to hold it an essential of 
correct scientific method, it behooves us to understand each other when 


5 “Systematic” does not necessarily imply unvarying order in the sequence of procedure. 
If the system exists, one may utilize its different parts in variable order, providing all 
parts are ultimately utilized. 
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we use the term, deduction, and to make sure that we all draw the same 
distinctions between it and the inductive process. Unfortunately, au- 
thorities are far from agreement in defining logic and the nature and scope 
of its parts. This is true of induction to a greater degree than it is of 
deduction. When the elect disagree, the layman who must use their 
terms can do little more than specify the sense in which he employs them. 
This I do, with apologies to the psychologist and logician who find that in 
these pages “mind,” “mental faculties,” “induction,” “deduction,” and 
“analysis” are employed with less skill and precision than they could wish. 
To the student of natural science the terms as here employed will, I be- 
lieve, convey the general conceptions essential to our discussion. 

Both induction and deduction start with something, do something with 
it, and get something else. In inductive reasoning we start with observed 
facts, subject them to certain logical processes, and seek thereby to dis- 
cover general principles, or laws. In deductive reasoning we start with 
some generalization, subject it to certain other logical processes, and seek 
thereby to derive specific consequences which should correspond to ob- 
served facts. Induction proceeds from the particular to the general: 
deduction proceeds from the general to the particular. 

When employing the inductive method the invéstigator is deeply con- 
cerned with the validity of the observations which serve as the starting 
point of his mental processes. If the supposed facts are not facts, it mat- 
ters little how correct may be his mental processes; the results obtained 
are not trustworthy. But when employing the deductive method, the in- 
vestigator is not primarily concerned with the truth of the generalization 
which serves as the starting point of his deductive reasoning. For the 
time being he takes the general proposition for granted, and concerns him- 
self with the consequences which may logically be deduced from it. If the 
general proposition be erroneous, he will discover its invalidity when he 
has derived from it specific consequences, compared these with known or 
newly observed facts, and found an obvious lack of accordance between 
deduced expectations and observed realities. 

In both types of reasoning, appeal is made to observed facts, although 
not necessarily to the same facts. But in one case, facts come into the 
picture first; in the other, last. 

It is easy to see why logicians should hold that induction is the reverse 
of deduction. But it is a fallacy for the scientific investigator to suppose 
that the two methods of reasoning are antagonistic, or that one of them 
is good, the other, bad. The wise investigator will use one to supplement 
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the other; for he secures great advantage if he first employs inductive 
reasoning to derive from observed facts certain general conclusions, then 
reverses the process and, using the conclusions as working hypotheses, 
deduces their reasonable consequences, checking these last against ob- 
served facts as the best proof of the correctness of his reasoning. 


NATURE OF THE SCIENTIFIC METHOD 


With deduction accorded its rightful place in the scheme of scientific 
reasoning, we are ready to inquire more closely into the precise nature 
of the scientific method. Fortunately, distinguished guidance is here 
afforded us. Gilbert’s paper on “The Inculcation of Scientific Method 
by Example” ® placed in clear relief the outstanding differences between 
the theorist and the investigator, defined the rédle of hypothesis and 
deduction in research, and emphasized the superiority of multiple working 
hypotheses as an instrument for discovering scientific truth. Chamber- 
lin’s essay on “The Method of Multiple Working Hypotheses”? later 
demonstrated the dangerous defects of what he terms the method of the 
ruling theory and the method of the single working hypothesis, and con- 
vincingly ‘advocated the employment of a variety of working hypotheses 
as the most effective means of discovering all facts pertinent to a problem 
and the best guarantee of arriving at their correct interpretation. Davis 
has in most striking manner illuminated the deductive processes essen- 
tial to this last method,® applying them to a wide range of geomorphic 
problems. An experience of more than thirty years devoted to scientific 
study, in the course of which I have given conscious attention to the 
relative value of work accomplished by different methods of investigation, 
convinces me that I shall make no mistake if I follow the lead of the 
masters just cited, and accept the method of multiple working hypotheses 
as the best procedure in research. And I hope it will not seem presump- 
tuous if I venture to lay before you certain considerations not fully dis- 
cussed by Gilbert, Chamberlin, or Davis, which seem to me essential to 
the best understanding and use of the method they regarded as superior 


to all others. 


6G. K. Gilbert: The Inculcation of Scientific Method by Example, with an Illustration 
drawn from the Quaternary Geology of Utah. Amer. Jour. Sci., 3rd ser., vol. 31, p. 284, 
1886. 

7T. C. Chamberlin: The Method of Multiple Working Hypotheses. Jour. Geol., vol. 5, 
pp. 837-848, 1897. 

8 See especially his paper on the “Disciplinary Value of Geography, Part I, The Science 
of Geographical Investigation.’ Pop. Sci. Mo., vol. 78, pp. 105-119, 1911. 
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STAGES OF INVESTIGATION 


In actual use the method of multiple working hypotheses naturally 
resolves itself into fairly distinct steps, or stages. It is desirable to sum- 
marize these, and to state the essential nature of each stage, before pro- 
ceeding to our inquiry as to the rdle analysis should play in each. 

The first stage is that of Observation, during which the investigator 
takes cognizance of certain facts or things, and of the existence of a prob- 
lem concerning their interpretation. Here, and repeatedly in succeed- 
ing stages, memory plays an important role, the investigator recalling from 
past experience, acquired either personally or through the work of others, 
additional things of similar character, already named and catalogued in 
his mind. 

In the second stage, Classification occurs. The observed facts are 
compared, both among themselves and with others called up from memory ; 
fundamental, as opposed to superficial, resemblances are noted; and like 
facts are grouped together. 

Conditions are then ripe for the third stage, in which Generalization 
takes place. Here, the inductive process comes most prominently into 
play, the mind inducing from the classified facts broad generalizations 
respecting them. These generalizations may take the form of a law or 
principle expressing some significant relation between the observed facts. 
Such law or principle may, in turn, constitute a partial or complete 
explanation of the facts, as did Harvey’s famous induction regarding 
circulation of the blood. More often, perhaps, the generalization merely 
paves the way for an explanation, which comes fully into being in the next, 
or fourth, stage. 

Here, Invention further extends the inductive process. If the inductive 
inference of stage three involves a complete explanation of the facts, 
the investigator deliberately proceeds to invent additional possible expla- 
nations. If the earlier induction provided but a partial explanation, or 
merely paved the way toward an explanation, invention completes the 
process, and then presses on to the formulation of additional explanations 
for the same facts. It is this deliberate effort to invent the greatest 
possible number of reasonable explanations for a given phenomenon or 
set of phenomena which distinguishes the method of multiple working 
hypotheses from other methods of research. For it is these tentative ex- 
planations which become the working hypotheses of the next, or fifth, stage. 
Where others have previously invented explanations of the phenomena 
in question, these are, by the impartial investigator, tentatively taken 
into his family of working hypotheses, and accorded the same hospitable 
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consideration given to those of his own creation. The precise nature of the 
inventive process is a debatable question which need not here concern 
us.® It is sufficient for our purposes to know that it is a real and valuable 
faculty of the human intellect, and that it is capable of deliberate cultiva- 
tion. 

In the fifth stage, Verification and Elimination require extended use of 
deductive reasoning. The investigator now takes each working hypothesis 
in turn, and, reversing the mental processes previously employed, first 
deduces its reasonable consequences as fully and as precisely as possible, 
then confronts the deduced expectations with facts observed in the field 
or established by experimentation, thus verifying the competence of the 
hypothesis to explain the facts, or eliminating it as incompetent and hence 
unworthy of further consideration. As will later appear, the verification 
of this stage is limited, and requires some measure of independent con- 
firmation. 

Confirmation and Revision is secured in the sixth stage. Each hypothesis 
which survives stage four requires further study. Its deduced consequences 
guide the investigator in predicting the existence of facts not yet dis- 
covered, or in devising experiments which will establish facts not pre- 
viously known. The establishing of these facts, or the failure to establish 
them, will confirm the validity of the hypothesis, or require its revision, 
possibly even its ultimate rejection. From this severer test there should 
emerge one or more hypotheses which alone or jointly offer satisfactory 
explanation of the observed facts. é 

The investigator now passes to the seventh and last stage, fully formu- 
lating his ultimate Interpretation of the phenomena investigated. 


No one would pretend that each of the seven stages described above is 
a sealed compartment, in which the mind performs no function appropriate 
to the other stages. The human intellect is an unruly member, leaping 
forward and backward in a most wilful way. One could not, even if he 
would, carry through an investigation strictly in the orderly sequence just 
enumerated. Nor is it desirable that he should do so. The development of 
any stage may throw valuable light on the procedure appropriate to some 
earlier or some later stage ; and the intellect instinctively, inevitably turns 
backward or rushes forward to profit by this better illumination. 

Furthermore, the solution of many problems is not the work of a single 


®“No one has ever given any explanation how the hypotheses arise in the mind.” En- 
cyclopedia Britannica, Article on Induction, 11th Edition, 1910. For a hypothesis as to 
the origin of hypotheses, see G. K. Gilbert: “The Origin of Hypotheses,” Science, n. s., 
vol. 3, pp. 1-138, 1896. 
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mind, but of the collective mind of those who, sometimes over long periods, 
contribute to the advancement of knowledge in a given field. The individ- 
ual thus enters upon an investigation when others have more or less com- 
pletely traversed some or all of the stages enumerated above. If wise, he 
will retrace their steps sufficiently to verify or revise such of their results 
as he wishes to utilize in his own study. But in view of the work already 
done, his mind is likely to push forward here, or turn back there, as ex- 
pediency rather than system may dictate. There is thus set up a plexus of 
paths by which the mind traverses every part of the problem under investi- 
gation. 

The plexus will vary for different problems, and must vary widely for 
problems in such widely different fields as physics and botany, chemistry 
and geomorphology. I have merely set forth what seems to me the normal, 
logical sequence of scientific research, viewed from the standpoint of a 
student of geomorphology. In this field certainly, possibly in other fields 
also, any well-ordered investigation will be found to present the seven 
enumerated stages in more or less distinct form, however complex may be 
the paths by which the mind traverses these stages. 


RO LE oF ANALYSIS IN SCIENTIFIC RESEARCIE 


“Look beneath the surface; let not the several quality of a thing nor its worth 
Meditations of Mareus Aurelius. 


escape thee.” 
DEFINITION OF SCIENTIFIC ANALYSIS 


What is analysis? The dictionaries tell us that it is the process of 
separating a thing or a concept into its constituent parts, in order to arrive 
at the essential or ultimate elements, causes, or principles; that it is the 
tracing of things back to their sources; and that it is designed to clarify 
and test knowledge. The chemist analyzes a complex substance to deter- 
mine its precise composition. For the purposes of our discussion I would 
define scientific analysis as “the process of separating observations, argu- 
ments, and conclusions into their constituent parts, tracing each part back 
to its source and testing its validity, for the purpose of clarifying and 
perfecting knowledge.” 

What réle should analysis play in the seven stages of a scientific investi- 
gation as previously defined? In proceeding to this inquiry I shall again 
fall back upon a precedent established by Gilbert. He realized the dis- 
advantage of discussing abstract propositions, when the human mind 
grasps more readily things presented to it in concrete terms. Accordingly, 
he illustrated his conceptions of correct scientific method by experience 
gained in his study of the shores of Lake Bonneville. I am persuaded we 
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can pursue our discussion most easily if I illustrate my observations, so 
far as feasible, by reference to some concrete example. For sake of sim- 
plicity I shall select a common phenomenon found on the rocky shores of 
many lands, and in tracing the part played by analysis at each stage of a 
comprehensive scientific investigation, shall illustrate my points freely by 
referring to the study of this phenomenon, the origin of which is still a 
subject of dispute. Those who follow this discussion should net attach 
undue importance to the particular example selected for illustrative pur- 
poses, nor to the statements made concerning it. I have deliberately 
selected a debatable matter, the study of which is not yet completed. Our 
concern here is not with the origin of the phenomenon, but with the method 
of investigating its origin. 

Along the rocky shores bordering the sea are found nearly horizontal 
platforms or benches (figure 1), from a few feet to a few hundred feet in 
width, cut in solid rock. At their seaward margins these benches terminate 
in relatively abrupt slopes which descend toward or even into the water. 
From their inner, or landward, margins rise steep slopes or rocky cliffs. 
In elevation the benches range from one or two feet above ordinary high 
tide indefinitely upward, often several hundred feet above the same datum 


plane. 


SP 


High Tide Level 


Ficure 1.—Marine Benches 


The combination of bench and cliff bordering the sea might arouse no 
significant reaction in the mind of the ordinary observer. But such a 
combination instantly excites the brain of the geomorphologist to activity. 
Memory recalls textbook diagrams, explanatory titles under photographs 
of similar features, discussions of the origin of such features in geologic 
and geographic treatises, perhaps earlier field examination of such forms. 
Rapidly the mind compares the forms, the situations, the mutual relations 
of the assembled features in the various cases called before it by observation 
and memory, and before the observer is conscious of the process he. has 
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leaped to an inductive inference: that both bench and cliff were cut into 
the margins of the land by wave erosion. In this case the inductive infer- 
ence involves an explanation ; but it is only a partial explanation. If the 
bench is wave-carved, why is it exposed to view above the level of the 
sea? The mind rushes on: Perhaps the land has been raised since the 
bench was carved ; perhaps the sealevel has dropped. 

The observer must now be on his guard against a dangerous tendency 
of the human intellect: the tendency to accept as valid a plausible ex- 
planation, and then to look for facts in support of that explanation. He 
must deliberately repress the tendency toward premature conclusions, and 
begin the task of gathering all the facts upon which alone can a satisfac- 
tory explanation be based. As already stated, we are not primarily con- 
cerned with the course of his particular investigation of these interest'ng 
forms, nor with the conclusions he may reach respecting their origin; but 
we shall draw freely upon this imaginary hypothetical study, to illustrate 
the uses of analysis in scientific research. 

A final word of caution before we enter upon our task of tracing the 
role analysis plays in the several stages of an investigation. One should 
be careful not to confound the analytical process with the various processes 
which constitute the successive stages of research. It is our thesis that 
analysis is not one of these stages; rather, it is something which may be 
employed in many, indeed in all, of them. Analysis is not Observation ; it 
is not Classification. It is an instrument of precision which may be so 
employed as to render Observation more complete and more accurate, 
Classification more effective and significant ; and so on through each suc- 
ceeding stage of a properly conceived and successfully executed scientific 
investigation. 

I. ANALYSIS IN THE STAGE OF OBSERVATION 

The initial stage in scientific investigation is normally that of Observa- 
tion. The first employment of this mental process may be made inciden- 
tally, perhaps almost passively. But once the investigator realizes that the 
observed facts present a problem, for the solution of which additional facts 
are desirable, he becomes an active inquirer, seeking to discover all facts 
bearing on the problem. He observes as widely and as accurately as possi- 
ble; the observed facts being automatically recorded in his memory, but 
also, since the memory is notoriously fallible, deliberately recorded in his 
notebook if he be a prudent investigator. 

Since we are here concerned merely with the recording of external facts 
observed by the eye, it might appear that analysis has no réle to play in 
this initial stage of an investigation. But let us dissect the matter and 
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scrutinize its parts, first turning our attention to the material facts which 
are the object of observation. Can the analytical powers of the mind be 
brought to bear upon the facts themselves in such manner as to aid the 
investigator ? 

Let our hypothetical student of coastal benches answer. Having ob- 
served one such bench, and had his curiosity aroused to investigate, he 
begins his search for other examples. Very soon he is confronted by the 
necessity of discriminating coastal benches of the type described above 
from other forms similar in some respects yet different in others. He 
needs a name by which to designate the type forming the particular object 
of inquiry, and tentatively calls them “elevated marine benches” or simply 
“marine benches,” because of their resemblance to submarine benches 
formed by wave abrasion and because of their apparent marine origin. 

The question then arises: What constitutes a marine bench in the sense 
in which he is using the term? Is it any nearly level surface in the vicin- 
ity of the shore, terminated seaward by an abrupt descent, and landward 
by cliffs which rise steeply to higher levels? This combination of slopes 
appears repeatedly in Nature, as the product of a variety of causes. The 
non-critical investigator, who welcomes every shelf and scarp facing the 
sea as one more link in the chain of facts he seeks to explain, is almost 
sure to accumulate, without knowing it, an assortment of unrelated ob- 
servations, many of them irrelevant to his problem. His investigation is 
seriously compromised from its very beginning. How can he explain the 
origin and history of elevated marine benches if he unwittingly bases his 
reasoning on a confused mixture of wave-carved surfaces, benches due to 
differential weathering, rock terraces cut by a river before drowning 
brought in the sea, notches cut by a glacial stream flowing between wan- 
ing continental ice and the sloping hillside, and terraces due to land- 
slides, faulting, or monoclinal warping? As all these features are found in 
the immediate vicinity of the shore in different places, and as all of them 
have repeatedly been ascribed to wave erosion, it is clear that the field data 
must, in the first instance, be subjected to rigid scrutiny. 

The facts can not be lumped. They must be analyzed—separated into 
their constituent parts, and each part tested as to its relevancy to the prob- 
lem under investigation. Here, the analytical process imposes a very 
uncomfortable but highly essential rule: that every fact the relevancy of 
which is in any degree doubtful be excluded from the group of facts for 
which explanation is being sought. A certain shelf, or terrace, closely re- 
sembles other marine benches, but its surface corresponds to the surface of 
a resistant rock layer. Obviously, this particular form need not necessarily 
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have the same origin as those cut indifferently across various rock struc- 
tures. Although the observer may feel certain that this feature is identical 
in origin with the other forms he is investigating, the analytical process 
demands that it be excluded from the study. And for a thoroughly 
sufficient reason. If this one terrace be really a product of differential 
weathering, and yet be included among the facts later to be explained, the 
explanation then advanced must be competent to account for it just as fully 
as for the others. This will inevitably exclude from consideration any 
hypothesis competent to explain the other benches only, and may thus 
prevent discovery of the true explanation of the forms constituting the 
main object of inquiry. 

I have said that the rule requiring exclusion of all data of doubtful 
relevancy is an uncomfortable one. The investigator does not willingly 
push aside some of his most spectacular facts. He is disturbed when anal- 
ysis points a questioning finger at one after another of his bits of obser- 
vational data. He may even find that if he rigidly applies the exclusion 
rule, the quota of competent data ultimately admitted to consideration is 
pitifully small. It may not even be sufficient to establish any theory on 
asound basis. And the investigator craves a theory which will explain the 
facts. 

Let us frankly admit the discomfort rigid analysis imposes; but let us, 
at the same time, acknowledge that there is no guarantee of safety in 
scientific investigation save that offered by such analysis. If the facts are 
all of equivocal character, lending themselves to a variety of interpreta- 
tions, the formulation of a definite theory must await discovery of new 
and less equivocal facts. Postponement of judgment may bring discom- 
fort ; it does not bring disaster. 

Thus far we have discussed the necessity of analyzing the things ob- 
served. But the investigator must probe more deeply than that. He must 
analyze the observational process itself. Does he really see what he thinks 
he sees? Not unless he is constantly on guard against the well-known 
dangers to which observation is subject. Chief among these, perhaps, is 
the tendency to include inference with fact, to confuse theory with ob- 
servation. The observer thinks he sees a bench cut in granite, when in 
fact all he really observes is a few scattered outcrops of granite protruding 
through the soil: from these he infers, perhaps erroneously, that the 
vastly larger invisible mass is likewise granite. In the case imagined a 
moment ago the investigator may report that he saw one wave-carved 
bench which did not bevel the rock layers. All he really saw was a shelf, 
or bench, parallel to the rock layers. He inferred it was wave-carved. 
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when in fact it may have been produced by differential weathering of 
weaker beds overlying a more resistant layer. 

Another danger to which observation is subject is that of ocular decep- 
tion. This danger looms large when one is looking for certain specific 
forms in the landscape. The power of suggestion is greater than many 
realize, and one looking for marine benches is in danger of finding them 
in faint undulations or irregularities of the terrain, which under other 
circumstances would not impress him as significant. If he is looking for 
benches which he expects to be horizontal, the inclined position of some- 
thing he mistakes for such a bench may quite escape his eye, even when 
the inclination is so marked as to be quite obvious to another who is with- 
out preconception as to what should be observed. 

Incompleteness of observation is another common danger. The eye tends 
to pick from the landscape that which seems to it for the moment signifi- 
cant, and fails to note much that later stages of the study may show to be 
vitally important. 

Even where the initial observation is fairly complete, the benefits which 
should be derived from it may be lost through failure to record perma- 
nently in memory and in notebook all the facts observed. Many studies 
of shore terraces have been vitiated because only part of the relevant facts 
were recorded by the investigator. 

No one is wholly free from the dangers of defective observation. But 
one who acquires the habit of analyzing his observational powers and prec- 
esses is less exposed to these dangers than are those who give no conscious 
attention to this initial step of a scientific investigation. In research, as 
in other things, to be forewarned is to be forearmed ; and the investigator 
who is conscious of the dangers inevitably associated with the observa- 
tional process will be on his guard against those dangers. He will deliber- 
ately exclude all inferences from his group of supposedly observed fact:, 
will avoid the possibility of ocular deception by pushing each observa- 
tion far enough to establish its validity, and will make a persistent effort 
to see all things, record all things, and remember all things bearing upon 
his particular problem. 

In this last effort he may derive one great practical advantage in respect 
to field and laboratory methods. Having analyzed the observational proc- 
ess, he will realize that it is almost always doubly defective so long as 
observations are recorded by memory alone; defective, first, because the 
mind does not retain all it initially records; but also, and far worse, 
defective because the exposure of the mind to the facts is normally too 
rapid for all of them to make an impression upon even that sensitive re- 
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cording instrument. Once aware of this source of danger, the investigator 
can, by a simple procedure, remove the double difficulty. By fully re- 
cording his observations in writing, in the presence of the facts, he not only 
insures against the fallibility of memory, but at the same time insures far 
more complete and effective observation. Both the time required for a 
written record, and the stimulation and direction of the observing facul- 
ties inevitably consequent upon systematic recording, enormously increase 
the completeness of the record. 


II, ANALYSIS IN THE STAGE OF CLASSIFICATION 


Is there any need for employing analysis in the second stage of an in- 
vestigation, the stage of Classification? Let us note first that the analysis 
involved in stage one led to a sort of rudimentary classification, the separa- 
tion of observed facts into those which were relevant and those of doubtful 
relevancy. We at once suspect that analysis must likewise be involved 
in any further effective classification of the facts of observation surviving 
the analysis of stage one. 

The investigator is not content merely to exclude from consideration 
every doubtful bit of data. For example, our hypothetical student does not 
rest when he has excluded from his study every topographic form which 
does not certainly belong in the group of elevated marine benches. He 
raises the question as to whether all these benches need necessarily have 
had the same history. He takes cognizance of the fact that if the benches 
were carved at different times, and some of them were affected by events, 
such as continental uplift, which did not affect the others, a serious diffi- 
culty may be introduced into the attempt to explain their history. The 
investigation, to be successful, must deal with a group of facts which are 
comparable. A simple hypothesis competent to explain benches five feet 
above high tide, may conceivably be quite incompetent to explain benches 
fifteen feet above high tide. 

The investigator therefore seeks to segregate the relevant facts into 
groups having like characteristics. Nor is he willing to base his classifica- 
tion on superficial resemblances and obvious differences. Just as the 
biologist classifies the whale with mammals rather than with fishes, so the 
student in any other field must make a deliberate effort to discover funda- 
mental similarities and differences which escape the ordinary observer, 
but which may have great significance for the scientific inquirer. To ac- 
complish this task most effectively he brings his analytical faculties to bear 
upon the data to be classified. He separates his observations into their 
constituent parts, compares them one with another, and strives to dis- 
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cover their essential elements. Only thus can he hope to see revealed those 
similarities and differences not immediately obvious. 

In the case of our hypothetical study of marine benches, it may happen 
that one group of benches falls systematically within a limited altitude 
range, while another group has a different and more variable range. If 
so, the investigator will discover that fact, and classify the groups separ- 
ately. He may also find that some of the benches are more weathered than 
others; that some are mantled with debris while others are not. If so, 


appropriate groupings will be established. 
II, ANALYSIS IN THE STAGE OF GENERALIZATION 


Classification paves the way to the third stage of investigation, in which 
Generalization occurs. Thus, in our hypothetical study of marine benches, 
it is only when Classification has been effected that the investigator can 
make significant generalizations; such, for example, as that in one group 
the benches have a narrow range in altitude, are always close to the sea, 
present no evidence of weathering of the rock surfaces, and sre free from 
debris; that in a second group the benches have higher altitudes but 
equally narrow range in altitude, present evidence of moderate weathering, 
and have small quantities of debris near their inner margins; while in a 
third group the benches are still higher, vary extensively in altitude, and 
have surfaces which are deeply weathered and prevailingly covered with 
debris. 

As thus stated, the foregoing generalizations involve no explanation of 
the classified facts, although it is obvious that they represent a step for- 
ward toward possible explanations. We may, however, easily imagine an 
inductive inference, based on the same mass of observed facts, which does 
involve partial or complete explanation of them. The inference that the 
benches were carved by wave erosion involves a partial explanation. The 
inference that the benches represent former shorelines of the sea raised by 
some upheaval of the land involves a more nearly complete explanation. 
These are all generalizations based on a number of particular facts, and are 
essentially inductive in nature; although they include, as do all inductions, 
an element of deduction in that they assume uniformity in Nature’s laws 
and the repetition of certain shore forms wherever the waves of the sea 
have operated. 

We have now to inquire whether the analytical faculties of the investiga- 
tor can serve any useful purpose in the stage of generalization. Let us 
first note that the empirical generalizations stated above, free from any 
explanatory element, had their roots in the careful analysis that made 
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effective classification possible. But it is when inducing generalizations 
which involve more or less explanation that the analytical process can ren- 
der greatest service. Such generalizations, like those free from explanation, 
must be rooted in facts and represent a normal outgrowth of them. They 
must be legitimate inferences induced from the facts themselves. As we 
shall see in a later section, the investigator may formulate conceptions 
involving explanations which are not an immediate normal outgrowth of 
the facts, but the products of invention. As these two types of explanation, 
the induced and the invented, have somewhat different standing before 
the court of the intellect, it is important that they be not confused. It is 
in making this discrimination that the investigator must again employ his 
analytical powers. The nature of the facts, the nature of their distribu- 
tion, their relationships, and other pertinent elements must critically be 
examined, to the end that only legitimate inferences may be induced from 
them. 

For example, the first two groups of classified facts described above, in 
both of which uniformity of altitude above sealevel is a characteristic of 
the benches, may properly give rise to the generalization that after the 
benches were carved the sealevel dropped. Uniformity of bench altitude 
suggests this as a legitimate inference involving explanation. But no 
such generalization may be based on the third group of facts, in which 
great variation in elevation is an outstanding characteristic of the 
benches. Such heterogeneity in elevation does not suggest either uni- 
form drop of sealevel or systematic differential uplift of the land. 
Perhaps the facts can be explained on the basis of one or the other of these 
explanations, or on both combined; but if so, the explanations must be 
deliberately invented and applied to the facts. They are not normal out- 
growths of the facts. 

If the investigator analyzes the process of generalization a little further 
he will realize that it is not sufficient that generalizations grow out of the 
facts. They must grow out of a sufficient number of facts to be truly 
general. One of the commonest errors in research is to generalize prema- 
turely, on the basis of a wholly inadequate foundation of facts. The in- 
vestigator who consciously analyzes both processes and their results at 
each stage of his research, is less likely to fall into this and other errors 
than is one who thinks without thinking about his thinking. 

When one analyzes the grouping of classified facts respecting elevated 
marine benches, another important consideration becomes clear; general- 
izations involving explanation, to be effective, must be made separately 
with respect to each class of facts. Further study may show that a single 
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explanation applies equally to all the benches. But it is quite as likely to 
show the reverse. Hence the necessity of treating the different groups of 
facts independently, until a common origin and a common history for all 
have been fully demonstrated. 


IV. ANALYSIS IN THE STAGE OF INVENTION 


In the fourth stage of our hypothetical investigation the inquirer 
takes the classified facts and the generalizations concerning their nature, 
and uses them as a basis for Jnvention of as many explanations of the 
facts as may be possible. It is here that “The Scientific Use of the 
Imagination,” as Tyndall has happily phrased it, comes most prominently 
into play. The invention may be deliberate, the result of conscious effort. 
Often it springs unexpectedly into consciousness, the result of a mind well 
equipped with pertinent knowledge repeatedly “mulling over” the facts 
in variable combinations. If others have anticipated our inquirer in the 
inventive process, as is usually true in greater or less measure, he welcomes 
every idea of alien origin which offers a possible explanation of the facts, 
and accords it just as hospitable treatment as those born of his own intel- 
lect. If the generalizations of stage three involved explanation of the 
facts, the investigator seeks additional and independent explanations. 
Where generalization involved but partial explanation, or merely paved 
the way for an explanation, the investigator employs his inventive powers 
to complete the unfinished task; and then moves forward to the inven- 
tion of alternative explanations. 

As has previously been pointed out, the process of invention is not 
fully understood. It resembles induction to the extent that the mind 
starts with concrete facts, and from them passes to conceptions of broad 
application which take the form of tentative explanations of the facts. But 
the mind has far greater liberty in the stage of Invention than in the 
preceding stage of Generalization. The relation to facts is here less close. 
A proper generalization, being an outgrowth of the facts, must have its 
roots well grounded in them. An invention may spring from “thin air,” 
the rarefied atmosphere of more abstract reasoning. The stimulus to 
invention comes from the facts, and the thing invented must not palpably 
be contradicted by the facts; but it need not be a normal outgrowth of the 
facts. Thus, the conception of a uniform drop of sealevel is not a normal 
outgrowth of the third group of facts mentioned above, because scattered 
remnants of marine benches occurring at a great variety of altitudes do 
not, of themselves, suggest the idea that the sea surface has been lowered 
rather than the land surface uplifted. But one may invent the concep- 
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tion of uniform but intermittent drops of sealevel, and offer it as a possi- 
ble explanation of benches occurring at many different altitudes, since 
none of the observed facts necessarily contradicts such an explanation. 

We have noted the greater liberty enjoyed by the mind in the stage 
of Invention. But it is not wholly free. Since the explanations induced in 
stage three, and those invented in stage four, are to serve as working 
hypotheses in the deductive operations of stage five, they must conform to 
certain fundamental requirements governing the formulations of hypoth- 
eses. In the first place, it is essential that the tentative explanations 
should be so precisely molded that specific deductions may be derived 
from them. If an explanation is so vague in its inherent nature, or so 
unskillfully molded in its formulation, that specific deductions subject 
to empirical verification or refutation can not be based upon it, then it 
can never serve as a working hypothesis. A hypothesis with which one 
can not work is not a working hypothesis. 

Again, the explanation as formulated must be possible, for explanations 
clearly contradicted by well-established natural laws waste time and energy 
without advancing the investigator toward the true goal of his researches. 
On the other hand, it is manifestly dangerous to exclude explanations 
which merely appear incredible or absurd because they run counter to 
established opinions. Many a door to truth has thus prematurely been 
closed, and long remained closed. The hypothesis of continental glacia- 
tion seemed incredible in 1840, as did the hypothesis of evolution in 1860. 

How then shall the inventive mind properly mold its hypothesis, and 
distinguish between explanations which appear plausible but are really 
unsound, and those which immediately provoke distrust yet merit hos- 
pitable consideration? It seems to me that here the analytical process 
offers us an instrument of incalculable value. Let us dissect each tentative 
explanation into its component elements, trace each element back to the 
assumptions and inferences which lie hidden behind it, and test the reason- 
ableness of the whole by testing the validity of each part. Once more we 
turn to the shore for concrete illustrations of abstract principles. 

Our investigator of marine benches, having first observed and classified 
his facts, and then derived certain generalizations from these facts, decides 
that hereafter he will concentrate his study upon the first group of benches 
earlier described—those lying close to the present shore, ranging from 1 
or 2 feet to 5 or 6 feet only above ordinary high tides, showing fresh rock 
surfaces usually free from debris. To distinguish this group of benches 
from others, he calls them “shore platforms,” thus recognizing their re- 
striction to the immediate vicinity of the shore (SP, figure 1). 
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He now proceeds to the invention of as many explanations as possible 
for the facts he has collected concerning these shore platforms. Among 
some eight or ten explanations which occur to him, or which he appro- 
priates from others, we consider but two. One, already briefly mentioned, 
is to the effect that the shore platforms, originally carved below sealevel, 
have been raised by regional uplift of the coast. The second supposes that 
the platforms were carved in their present position wholly above high 
tides, by storm waves of the present sealevel. The first explanation is in 
accordance with current geologic opinions, both regarding the conditions 
under which waves carve platforms and regarding crustal movements. 
The mind welcomes it hospitably as a hopeful direction in which to pursue 
the study. The second runs counter to long established views that the 
level of platform cutting lies distinctly below sealevel. The mind imme- 
diately recoils from this explanation as being inherently improbable. But 
our investigator, distrusting the mind’s intuitive reactions, determines 
neither to accept the first as a tentative working hypothesis, nor to reject 
the second, until he has first analyzed them both. Note that his analysis 
is here directed merely to determining the acceptability of each as a mem- 
ber of his family of working hypotheses. Testing the competence of the 
hypotheses to explain all facts observed comes later, and involves quite 
different processes. 

As to the first suggested explanation, he asks a number of pertinent 
questions. What is the fundamental assumption on which the explanation 
rests? Obviously, that such platforms must be cut below sealevel, and that 
the invention of another factor, such as regional uplift, must be invoked 


to explain their position above the sea. But what is back of these “musts,” | 


of these implications of compulsion? First, there is the teaching of stand- 
ard treatises on geology, which commonly show both wave-cut and wave- 
built platforms below the surface of the water. Second, there are the 
reports.of varicus observers who state that they find rock platforms under 
the sea, and the bases of rocky sea cliffs a number of feet below the level 
of low tide. 

But do the treatises present convincing evidence that text and diagram 
correctly represent conditions of wave-cutting? They do not. An occa- 
sional text represents wave-cutting above sealevel, so that the testimony 
of the treatises is, in some measure, contradictory. And do the observers 
submit conclusive evidence that the submerged platforms and cliff bases 
described by them are in process of normal development at the present 
time? It must be admitted that they do not. They may believe such to be 
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the case ; but the facts they present do not seem to exclude the possibility 
that platforms and cliffs were carved at a higher level, and recently sub- 
merged by subsidence of the land or by rise of sealevel. Thus the investi- 
gator pushes his inquiries, and as he does so the tentative explanation 
which first appealed to him most strongly takes on an increasingly doubt- 
ful aspect. He may ultimately be impelled to reject it as lacking the 
necessary degree of reasonableness. Or caution may dictate that he pre- 
serve it as a possible working hypothesis, to be later subjected to the more 
searching test of deductive reasoning. In any case, critical analysis has 
assigned the explanation (of wave erosion below sealevel followed by 
coastal uplift) a position far less dominating than it originally occupied. 

The investigator next critically examines that tentative explanation 
which he first was tempted to reject as being unworthy of serious considera- 
tion. What lies back of the suggestion that storm waves may have carved 
the platforms during the present relations of land and sealevel? For one 
thing, an assumption that there may be factors involved in wave attack 
which permit effective erosion above ordinary high tide level. What then 
are the factors involved in wave attack, and do any of them favor activity 
at levels relatively high? Observation and memory present certain per- 
tinent facts bearing on this point. The momentum of masses of water 
hurled up the sloping shore zone by advancing waves insures some erosive 
activity above still-water level. Furthermore, it is well established that in 
both waves of oscillation and waves of translation the crests rise higher 
above still-water level than the troughs sink below it. For this reason the 
average level of wave attack is above still-water level. Onshore winds are 
known to pile up the water to levels often a number of feet above normal. 
Thus, at least three factors in wave attack tend to produce high-level 
cutting, and it seems not unreasonable to suppose that their combined 
result might be wave erosion at the level where the low lying platforms are 
actually observed. 

Along these and other lines the investigator pushes the analysis, until he 
is satisfied that the tentative explanation of shore platforms as a product 
of storm-wave attack under existing conditions of land and sealevel. while 
presenting obvious difficulties, is sufficiently reasonable to deserve a place 
among the tentative hypotheses later to be tested. So in turn he dissects 
and scrutinizes each tentative explanation which his inventive powers 
suggest, or which he adopts from the work of others. Throughout this 
stage of the investigation it is evident that analysis is an invaluable aid 
to his studies, and the best guarantee of their eventual success. 
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V. ANALYSIS IN THE STAGE OF VERIFICATION AND ELIMINATION 


On entering the fifth stage of the investigation our hypothetical in- 
quirer possesses, let us suppose, some half dozen tentative explanations 
which have survived the analytical processes applied in the preceding stage. 
He now treats each of these in turn as a working hypothesis, and, reversing 
the mental processes employed in the third stage, endeavors by deductive 
reasoning to determine as precisely as possible just what features should 
characterize the shore platforms in case the particular hypothesis for the 
moment under scrutiny be the true explanation of these forms. His 
object is to verify, so far as possible, the competence of some hypotheses, 
and to eliminate others which critical tests show to be manifestly incom- 
petent. 

He secures the required tests by an appeal to facts. After deducing the 
reasonable consequences of a working hypothesis, he confronts these by 
such facts as are already in his possession, drawing upon memory, upon 
his field notes, and upon the published observations of others. If the con- 
sequences logically deduced from the hypothesis are in accord with the 
facts, he accepts this as verification of the competence of the hypothesis to 
explain the facts already in hand. Where deduced consequences find no 
counterpart in observed facts, he feels justified in eliminating the hypoth- 
esis from further consideration. 

Here it should be noted that the success of the deductive operations 
involved in this fifth stage of an investigation depends primarily upon 
two things: first, the fullness and accuracy of the logical operations per- 
formed by the mind; second, adequate testing. The careful analysis em- 
ployed in each of the preceding stages has done all that properly can be 
done to assure that only competent hypotheses shall serve as the starting 
point for logical deduction. The process of deduction itself, while not 
directly concerned with the validity of these hypotheses, is vitally con- 
cerned with the laws of thought governing a peculiar mental operation 
to which each hypothesis is now subjected. Obviously, the mind must 
operate with completeness and precision according to the laws of logic if 
the results are to be trustworthy. 

The second condition of success is adequate testing of the products of 
deduction. Let us recall that the very essence of the method of multiple 
hypotheses is hospitable consideration of every possible explanation of a 
given group of facts, in the full knowledge that not all these explanations 
can correspond to reality. Let us remember further that the deductive 
process itself neither adds anything to, nor takes anything from, the 
original content of any hypothesis, but merely develops and elaborates its 


2 
3 


ROLE OF ANALYSIS IN SCIENTIFIC RESEARCH 483 


inherent possibilities. With these considerations in mind, we can under- 
stand how critically important it becomes to test the greatest possible 
number of deduced consequences for each hypothesis by confronting them 
with the greatest possible number of facts competent to either verify or 
contradict them. The whole method stands or falls with the success or 
failure of this operation. 

When all possible consequences of each working hypothesis have been 
deduced, it will often appear that some of the competing hypotheses 
have certain consequences in common. ‘These have relatively low critical 
or discriminative value, since if facts are found corresponding to the 
deduced expectations, they merely show that any one of several hypoth- 
eses may be true. There will usually be found, however, some one or 
more consequences peculiar to hypothesis A, while certain others are 
peculiar to hypothesis B, and so on. It is these unlike consequences which 
have the highest critical value in discriminating between valid and in- 
valid hypotheses, and it is on these that the investigator will most depend 
when drawing conclusions. 

To what extent, if any, can analysis serve the investigator in this stage 
of Verification and Elimination? Since, as we have just seen, effective 
use of the deductive process depends upon one’s ability to make logically 
correct deductions, it is expedient that the investigator should subject his 
own mental processes to careful scrutiny. There are fallacies in reasoning 
which must be avoided. These are treated in works on logic and need not 
be discussed here. But some study of logic will direct conscious attention 
to one’s mental habits, and help to secure the precision and completeness 
requisite for careful deduction. 

The investigator must realize that if his deductions are false, it matters 
little whether or not observed facts correspond to them. The conclusions 
are, in any case, invalidated, and he may either reject a perfectly valid 
hypothesis or embrace one which is invalid, on the basis of false reasoning. 
Safety lies only in analysis. Deductions, like inductions, must be sep- 
arated into their component parts, and each part scrutinized and its 
validity tested. Let us illustrate what this involves by turning once again 
to the problem of the shore platforms. 

Our investigator has accepted as one working hypothesis the tentative 
explanation of storm-wave erosion under present conditions of land and 
sealevel. From this hypothesis he deduces certain expectable consequences, 
among which let us consider only one. If the platforms are the product 
of storm waves operating at the present time, he reasons, then there should 
be found upon their surfaces rock debris constituting the cutting tools with 
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which waves accomplish their erosive work. Turning to his record of field 
observations, he finds that many of the platforms are remarkably free 
from debris. Indeed, their outer edges commonly drop abruptly into 
moderately deep water, so that it is difficult to see how much debris could 
be cast upon the platforms or maintained there. The facts in hand con- 
spicuously fail to match the expectations deduced from the hypothesis, so 
our investigator rejects the hypothesis of storm-wave erosion as incom- 
petent. In doing so, he rejects a perfectly valid hypothesis solely be- 
cause he failed to examine his deductions critically before using them as 
tests of the competence of the hypothesis. 

Let us suppose, however, that our investigator was so fully con- 
vinced of the value of analysis as an instrument of research that he would 
neither accept nor reject a hypothesis until he had subjected each deduc- 
tion derived from it, and each test of its correspondence with the facts, 
to such rigid scrutiny as he was able to make. Under these circumstances 
he would first have examined the deduction relating to the expected pres- 
ence of wave-cutting tools on the platforms. He would have asked: Upon 
what does the deduction rest? Evidently it rests upon the assumption 
that waves of water unarmed with debris cannot effectively erode the coast. 
And on what, in turn, does this assumption rest? Current geologic opinion 
may run this way, and geologic textbooks may assert that waves without 
cutting tools are feeble. But current opinion and the textbooks have often 
proved fallible guides. So our investigator would have gone back to the 
sources on which both opinion and textbook should be based; the actual 
recorded evidence as to the nature and causes of damage accomplished by 
waves. Here he would have found much information concerning havoc 
wrought by waves under conditions which seem clearly to preclude the 
effective intervention of debris. The terrific impact of the water itself, 
the force of the currents it generates, the direct pressures exerted upon air 
and water imprisoned in crevices in the rock, the sudden expansion of air 
in crevices and pore spaces when the rapid retreat of a wave creates a 
partial vacuum outside, all these are described as effective causes of damage 
by waves, on the basis of concrete and seemingly reliable evidence. Our 
investigator must then have concluded that while shore debris is presum- 
ably a highly important factor in wave erosion, there is no reason to ex- 
clude the possibility that waves relatively free from debris, and striking 
with a force varying from hundreds to thousands of pounds per square 
foot, may accomplish much erosive work. He would therefore have re- 
jected, not the hypothesis of storm-wave erosion, but his tentative deduc- 
tion respecting the necessity of finding debris on the platforms; and 
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would have looked for other deductions from the same hypothesis which 
he could use as a more reliable basis for testing its validity. 

It is not alone in making deductions from hypotheses that one’s critical 
powers should render aid in this fifth stage of an investigation. When 
confronting deduced consequences with observed facts, the investigator 
must be equally on the alert. If harmony is apparent, he will be on his 
guard against too ready acceptance of the pleasing result. He will probe 
the situation to make sure that harmony is real and not merely apparent. 
If discordance is revealed, he will dissect and scrutinize the facts to 
determine whether the discord may not be the result of accidental introduc- 
tion into the scene of some irrelevant factor not germane to the problem. 

The investigator who fully analyzes the process of testing hypotheses 
by deducing their consequences and confronting these with observed facts, 
will gain a keen appreciation of one fundamental consideration: the 
effectiveness of the test will vary with the number and character of the 
deductions made from any given hypothesis, and the variety and nature 
of the facts available to match against them. If the deductions are great 
in number, and some of them at least are peculiar in character; and if 
they are nicely matched by facts which are equally numerous and peculiar, 
then the test of the hypothesis is particularly good. 

We have now to note certain important limitations of the “verification” 
involved in this fifth stage of a scientific investigation. “To verify” is to 
prove to be true. But what is it that we prove to be true in this stage of 
Verification and Elimination? Not the hypothesis as the true and only 
explanation of the facts, for seldom, if ever, is a hypothesis directly veri- 
fied. The thing we prove is the existence of a certain measure of harmony 
between the deduced consequences of a hypothesis and the observed facts. 
The “verification” is merely verification of one or more hypotheses as 
competent to explain certain facts, not verification of them as the true 
explanation of those facts. Several hypotheses may be competent to 
explain a given set of facts, where only one of them can be the true ex- 
planation. Obviously, there is need of further study before any hypoth- 
esis can be accepted as fully established. This further study is secured 
in the next following stage, Confirmation and Revision, discussed on 
subsequent pages. The verification of the present stage is partial and 
limited. 

It is in the present stage that one is especially apt to commit an error 
in the deductive process which has wrecked many a train of reasoning. 
I have characterized this as the error of “limiting Nature.” It consists 
in setting narrow and rigid limits to what natural forces can accomplish 
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under hypothetical conditions. “So long as a stream is ungraded through 
a hard rock barrier, weak rock areas above the barrier cannot be reduced 
to a peneplane.” “A waterfall in homogenous unconsolidated material 
cannot retreat upstream for any great distance, but must be rapidly 
flattened out to a gradual slope.” So the human intellect rashly sets 
metes and bounds to Nature. And Nature proceeds calmly to perform the 
impossible. The deductive process inevitably involves judgment as to 
what Nature can and can not accomplish. One must see to it, then, that 
the limits set are sufficiently generous and flexible, and that they are 
established only after careful analysis of all factors involved. Only thus 
will deductions be reasonable, and dependence upon them be safe. 

One further observation should find place in this part of our dis- 
cussion. Some who oppose the use of hypothesis and deduction in scien- 
tific investigation have asked: “What is the use of setting up men of 
straw, only to knock them over?” The answer is that men of straw have 
no place in a scientific investigation. We have already seen that in the 
earlier stage of Invention only possible explanations are accepted into the 
family of working hypotheses. Analysis is there deliberately employed 
to exclude absurd or incredible hypotheses. The men of straw are not 
set up. They are early cast aside. Deduction has therefore, in the stage 
of Verification and Elimination, to deal only with such hypotheses as 
have some valid title to credence. To determine how far they are entitled 
to credence is the province of this fifth stage. Some hypotheses, when 
beaten on the anvil of analysis, will break. But this measures the success, 
not the futility, of the method. Let any who question the efficacy of a 
method that invents many hypotheses only to destroy some of them, 
ponder the words penned by Gilbert: “The demolition of hypotheses, in- 
stead of testifying to the futility of research, is the method and condition 
of progress.” 

We conclude, therefore, that during the fifth stage of the investigation, 
in the deduction of consequences from the several working hypotheses, and 
in the confrontation of deduced consequences with observed facts, analysis 
is both the anvil where falsehood is shattered and the fire where truth 
is forged. 


VI. ANALYSIS IN THE STAGE OF CONFIRMATION AND REVISION 


From the fifth stage of the investigation the inquirer should emerge 
with a much depleted stock of working hypotheses. In some cases only 
one will remain as apparently competent to explain all the recorded facts. 
In other cases two or more may survive thus far. If but one, the cautious 
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investigator will seek confirmation of its validity before utilizing it in his 
ultimate interpretation of the facts. If more than one, he pushes his 
studies further to discover which one represents the true explanation of 
the facts, or whether they are jointly responsible for a complex result. 

Whether one or several hypotheses survive the tests applied in the 
preceding stage, the survival is almost always in an “unfinished” state. 
The tests remain incomplete, and therefore inconclusive, because not 
all the desired facts are available, and perhaps not all the desirable de- 
ductions have been made. The investigator, let us imagine, has deduced 
five reasonable expectations from a certain hypothesis, of which three 
only are matched by facts in his possession. On’ the other hand, he has 
five categories of facts, of which three only correspond to expectations 
thus far deduced. He has two deductions having no counterpart in 
observed facts, and two groups of facts which are disturbing because 
not related to anything thus far deduced from the hypothesis. Just what 
these discrepancies mean, he does not know. They may mean that ob- 
servation was incomplete, and that new facts remain to be discovered. 
They may mean that deduction was incomplete or imperfect. In either 
of these two cases the hypothesis may be valid as it stands. But there 
are other possibilities. The discrepancies may mean that the hypothesis 
is invalid and must ultimately be rejected; or they may mean that it 
only requires a certain amount of revision to bring it into harmony with 
all the facts. 

It is the task of the investigator in this sixth stage to find out just 
what the discrepancies do mean. He searches for the missing facts 
which, if found, will constitute logical proof of the validity of the gen- 
eralization involved in the hypothesis. Here, the extraordinary value 
of the deductive processes of stage five become apparent. The observa- 
tion of stage one was a wandering, unguided observation. But the re- 
newed observation of stage six is skillfully directed observation. He 
now knows what to look for, and hence how and where to look. If, 
like the geologist or geographer, he is dealing with facts to be found in 
the field, directed observation will materially shorten his field work and 
greatly increase its fruitfulness. He goes directly to the places where the 
new facts should be found. If, like the physicist, chemist, or modern 
student of biology, he must discover new facts through experimentation, 
skilfully directed experiment will replace the vague gropings of a less 
advanced stage of research. The deductive process has added new interest 
to the quest for truth, and has enormously increased the probabilities 
of finding it through improved induction. 
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The probative value of facts discovered in this new quest is much 
higher than that of facts earlier observed. Heretofore facts were ob- 
served, and hypotheses adapted to them. Now the investigator has, 
by a process of deduction, predicted the finding of facts the existence of 
which is as yet unknown. The prediction is provisional, of course. “If 
hypothesis A be correct, then I should find, ete.” If he finds the facts 
provisionally predicted for hypothesis A, and does not find those pro- 
visionally predicted for hypotheses B, C and D, his confidence in the 
validity of hypothesis A is doubly strengthened: first, positively by 
finding the facts appropriate to A; and second, negatively by not finding 
those which should occur were the other hypotheses valid. 

Directed observation has another great value. It is apt to lead to 
the discovery of facts wholly unanticipated by the deductions which 
direct the search. As Davis has well said, the investigator’s outsight 
on the facts is sharpened by his insight into the nature of his problem. 
Things which formerly made no impression on eye or mind now instantly 
arrest his attention, some because they are expected, but others for the 
very reason that they are quite unexpected. The discovery of facts that 
are wholly unanticipated, but which, none the less, find full explanation 
in a hypothesis under investigation, has exceptionally high value as 
Confirmation of the hypothesis. If many investigators discover many 
facts, all fully accounted for by the hypothesis, and this is repeated 
over a long period of time, the confirmation becomes of such high 
quality that the hypothesis is transformed into a well attested theory. 

Where none of the deductions of stage five fully accounts for certain 
of the facts already in hand; or where newly discovered facts fail to 
find any counterpart in previous deductions; or, again, where some of 
the facts which should occur, according to a hypothesis otherwise well 
substantiated, cannot be found, Revision of the hypothesis is strongly 
indicated. This revision carries the investigator back over all the stages 
he has previously traversed. Beginning with Observation, he again 
scrutinizes the facts, especially those which fail to match any deduced 
consequences. Perhaps they are irrelevant to his problem and should have 
been excluded: but he dare not exclude them merely because they are 
inconvenient. They may be critically important for his problem, and 
show the necessity of revising or rejecting some hypothesis. He must 
determine whether exclusion of the facts, revision of the hypothesis, 
or rejection of the hypothesis is called for. Next, the investigator 
painstakingly reviews his Classification of the facts, to discover if re- 
vision is there called for; after which he turns his attention to the 
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Generalizations based on the classified facts. He then scans his In- 
ventions with care, revising explanations and adding to them where either 
gives promise of bringing expectations into closer harmony with ob- 
served facts. He is particularly careful in his re-examination of the 
deductions which serve as the basis for Verification and Elimination in 
stage five, for he realizes the many opportunities for error in deductive 
reasoning, and hence the great probability that revision may there be 
required. Lack of completeness in deduction is especially apt to cause 
difficulty, and proper revision, to include some new consequences not 
previously foreseen, may bring complete harmony out of partial discord. 

The process of securing the requisite confirmation, revision, or rejec- 
tion of hypotheses makes new and heavy demands upon the critical facul- 
ties. Especially is this true of the process of revision and rejection, which 
carries the investigator back over previous stages of the investigation in 
a search for some weak link in his chain of reasoning, some factor over- 
looked, or some item improperly included. If, as we have seen, analysis 
had a role to play in each of these preceding stages, how much more im- 
portant is it that the analytical faculties should be on the alert in a 
review of one’s reasoning in search for error. If previous work has been 
carefully performed, the error is not apt to be obvious. More likely it 
is obscurely involved in some apparently sound procedure, in which case 
it will continue to escape detection unless each bit of evidence, each 
argument, and each conclusion are separated into their component parts 
and subjected to critical scrutiny. It is such analysis as this which 
must, in the circumstances detailed above, determine whether certain 
apparently incongruous facts should be rejected as irrelevant to the 
problem, or included as fully pertinent; and, in the latter case, whether 
a given hypothesis must be rejected or merely revised, before deduction 
and observation are brought into harmony. 

To illustrate the essential nature of the confirmation and revision en- 
visaged in stage six, let us take one more illustration from the study 
of shore platforms. Suppose, for example, that after the verification 
and elimination of stage five, our investigator of shore platforms finds that 
only one hypothesis offers a reasonable explanation of the facts thus far 
in his possession. This, let us say, is the hypothesis of storm-wave 
erosion under present conditions of land and sealevel. 

He has previously deduced from this hypothesis certain expectable 
consequences which are not matched by any facts he has thus far ob- 
served. Thus, he has reasoned that if the platforms be the product 
of storm waves they should be found at higher elevations on exposed head- 
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lands where waves are large, and at lower elevations in bays or behind 
barriers where waves are small. Furthermore, the platforms should be 
broadest where the most violent storm waves, breaking on a coast, wear 
it back most rapidly. Here are two perfectly concrete deductions from 
the hypothesis; but he has never observed any such relation between in- 
tensity of wave attack and height and breadth of platform as the deduc- 
tions call for. Perhaps this is partly because he never gave conscious 
attention to this relation, and partly because the shores he has studied 
did not present sufficiently strong contrasts in exposure to produce dif- 
ferences in height and breadth of platforms so great as to force them- 
selves upon his attention. 

In any case, the investigator now plans field work on more remote 
coasts, carefully analyzing the requirements of his problem, and seeking 
shores where conditions are especially favorable for testing the validity 
of these two deductions. His powers of observation are now greatly 
enhanced. He sees many things about shore benches which quite es- 
caped attention before. Among others, he notes the remarkable fresh- 
ness of the cliff face back of the platforms, the frequent occurrence of a 
groove or notch eroded in the base of the cliffs, occasional fresh land- 
slides on the platforms, overhanging sod at the cliff top, and marine 
organisms living in pools of salt water on the platform surface. These 
are all details he had failed to predict, yet these unanticipated observa- 
tions find such reasonable explanation in the hypothesis of continued 
active development of the platforms by present storm waves that he 
accepts them as particularly valuable confirmation of that hypothesis. 
When he finds, in addition, that the benches do range higher on the 
headlands and lower in the bays, he regards the confirmation as doubly 
strengthened. 

There rema‘ns the prediction that platforms of maximum breadth 
should, other things being equal, be found on those coasts subjected to 
maximum violence of wave attack. Once more our investigator analyzes 
the variable factors presented by a number of coasts, in the effort to 
select wisely several localities which may offer him favorable conditions 
for testing the validity of this last deduction. He chooses his hunting- 
grounds, visits them in turn, and in each case finds no shore platforms 
at all. Instead, angry seas beat themselves to foam on a chaos of tumbled 
rocks. 

Much disconcerted by this glaring discordance between deduced ex- 
pectations and observed facts, our investigator turns to analysis for an 
answer to the enigma. Again he dissects and scrutinizes in detail the 
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several stages of his work: the reasoning which led to invention of the 
parent hypothesis, the deduction which caused him to expect the broad- 
est benches where wave attack is most violent, and the facts which fail 
so conspicuously to harmonize with expectations. Each in turn is probed 
and tested with greatest care and the most complete detachment and 
impartiality. 

Perhaps the outcome of this analysis is discovery that the hypothesis 
is valid in its essentials, but requires revision of details. He may con- 
clude that where storm waves attack a coast most violently and undercut 
it most rapidly, falling debris breaks the waves into confused and surging 
waters which cannot etch a neatly carved platform at a specific level. 
If such be the result of his analysis, he will recast the hypothesis in terms 
of the erosive behavior of storm waves of moderate intensity, realizing 
that this may well differ widely from the behavior of maximum storm 
waves. If some other explanation better resolves the difficulty, he will 
recast the hypothesis accordingly. He will then proceed to test the hy- 
pothesis in its new form by inspection of a wide variety of shores where 
waves of every type and degree of intensity are engaged in consuming the 
land. 

VII, ANALYSIS IN THE STAGE OF INTERPRETATION 


Let us suppose that the hypothesis of wave erosion under present con- 
ditions of land and sealevel survives, in its modified form, every test 
applied to it. The investigator has reached the seventh, and final, stage 
of his labors, in which he proceeds to formulate for publication his 
Interpretation of the origin of shore platforms. Can he at last dis- 
pense with analysis, the instrument which has served him so well at 
every previous step in his labors? Not wholly, I think. In any event, 
there must remain with him a caution, inspired by his full understanding 
of the nature of the proofs with which he is dealing, an understanding 
which comes only from critical analysis of both evidence and argu- 
ments. Rarely can geologist or geographer offer mathematical demonstra- 
tion of the truth of his conclusions. He can, as a rule, go no further 
than to show that a given proposition has a high degree of probability. 
Certain facts, carefully observed and properly classified, prompt the 
invention of various hypotheses. The deduced consequences of one of 
these hypotheses alone is matched by all the facts, including some which 
are newly discovered and highly peculiar. The investigator, therefore, 
has much confidence that an interpretation based on this hypothesis will 
be valid, but he realizes there is still opportunity for error. He may not 
have thought of all possible hypotheses. He may not have deduced all 
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the reasonable consequences of those hypotheses considered. He may 
not have discovered all pertinent facts. Some future contribution to 
knowledge may throw unexpected light on his problem, and radically 
affect his conclusions. He therefore wisely regards his present interpreta- 
tion as highly probably theory, rather than as demonstrated fact. 

In previous stages an error led only one investigator astray, and that 
one could retrace his steps and repair damage by embarking on some 
new line of reasoning. But in this final stage an error committed to 
the printed page may lead many astray, and may show wholly. unex- 
pected vitality and power for evil. The printed statements must go far 
enough; but they must not go farther than the evidence and fully tested 
reasoning warrant. A given interpretation must not be applied to all shore 
platforms before it has completely been demonstrated that there are 
no such platforms for which it is not the most satisfactory explanation. 
It must not even be asserted as the sole cause of any platform, unless 
and until it has clearly been proven that no contributing cause has 
played a part in their formation. 

In these and other ways the investigator must be on his guard against 
overstatement, understatement, erroneous statement of his results. Anal- 
ysis is the weapon with which he defends himself against too broad gen- 
eralization and other errors which are wont to intrude themselves into 
the final stage of an investigation. Each sentence he scrutinizes; each 
conclusion he dissects; checking here and verifying there, to the end that 
the formulation of his interpretation shall contain no less, and particularly 
no more, than critically observed facts and carefully tested reasoning 
may justify. An interpretation, thus cautiously reached and conserva- 
tively formulated, will surely command the serious consideration of scien- 
tifie men. 

CONCLUSION 


Have we, in the method of multiple working hypotheses, applied with 
the aid of rigorous analysis, something which will guide us unfailingly to 
the discovery of truth? We are compelled to answer this question in the 
negative. No device, however perfect, can wholly deprive the human 
intellect of its capacity for making mistakes. De Leon searched in vain 
for the fountain of youth. Can we hope for a magical fountain of 
truth ? 

The most for whieh we may reasonably hope is by correct methods 
of research to reduce the chances of error to a minimum, and to raise 
to its maximum the probability of discovering the real causes and rela- 
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tions of things. This we have done, so far as lies within our power, 
when we are accurate in observing facts, careful in classifying them, 
cautious in generalizing from them, fertile in inventing hypotheses, 
ingenious and impartial in testing their validity, skillful in securing 
their confirmation or revision, and judicial in formulating ultimate in- 
terpretations. 

Multiple working hypotheses as a method, employed in connection with 
critical analysis as an instrument of precision, offer us, in my opinion, the 
best guarantee of success in scientific research. 
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INTRODUCTION 


This paper, as communicated to the Geological Society of America, has 
been submitted to G. H. Chadwick who has kindly read it and made 
valuable suggestions, a number of which have been incorporated during 
revision for publication. Mr. Chadwick’s suggestions relate chiefly to 
assigning definite age names to the basal “Catskill” at the localities de- 
scribed. The author notes throughout where he agrees or disagrees with 
Mr. Chadwick. Since this paper was read, Mr. Chadwick has published 
his terminology for the red beds at successive stages of their development. 
(Chadwick 12). This terminology is here adopted as follows: 


Red “Catskill” Terminology from West to East 


7. Cattaraugus (Bradfordian) ; 
6. Blossburg (of Conrad; late Chautauquan but post-Chemung) ; 
5. Montrose (of Vanuxem; upper Chemung or Wellsburg) ; 


1 Manuscript received by the Secretary of the Society, January 11, 1933. 
2 Published with the permission of the State Geologist of Pennsylvania. 
3 Numbers in parentheses refer to bibliography at the end of this paper. 


(495). 
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4. Catawissa (lower Chemung or Cayuta) ; 

8. Catskill proper (of Enfield or upper Portage age) ; 
2. Oneonta (of Ithaca or lower Portage age) ; 

1. Kishatom reds (of Hamilton age). 


This restricted use of Catskill is the latest expression of nearly a cen- 
tury of geologic studies. Mather’s original “Catskill Group” of the Cats- 
kill Mountains included everything between the base of the Carboniferous 
(“Pocono”) and the base of the Marcellus (Mather 36). Stevenson (57) 
preferred to group the “Catskill” with the Chemung and Portage as a sin- 
gle, major division of the Devonian. Darton (19) suggested that “Catskill 
group” be used for the entire Upper Devonian, a usage much like that 
recommended by Williams (70). Geologists have gradually realized that 
the type Catskill, instead of being the youngest Devonian in New York 
and Pennsylvania, is actually equal to or partly older than the marine 
Devonian west of the Catskill Mountains. As early as 1863, Alexander 
Winchell (77) suggested that Mather’s Catskill equalled the Chemung. 
James Hall (30) and John M. Clarke (13) demonstrated equivalence of 
the nonmarine Oneonta to contemporaneous marine beds. H.S. Williams 
(70, 71, 72, 73, 76) greatly advanced such ideas, as did also Prosser (39, 
42, 43,44). Both Williams and Prosser developed the important concep- 
tion that the red series equalled proportionally several members of the 
non-red to the west and showed that marine faunas penetrate the red beds 
to the Hudson Valley. Besides this, they were largely responsible for 
clarifying the belief that the red beds grow older or cut out successively 
lower marine members eastward. Prosser (42) demonstrated that their 
base was lower Portage in age in northeastern Pennsylvania, a view which 
he substantiated (Prosser 44) by observations between Albany and 
Orange counties, New York. Grabau (28) closely agreed with Prosser’s 
findings, particularly in the region of Port Jervis. As far back as 1894, 
Williams (72) appreciated that the red beds of the Hudson Valley descend 
as low as the Hamilton, although his idea of Hamilton was less restricted 
than ours today and included, presumably, somewhat higher beds (i. e., 
Sherburne). 

Early work in Pennsylvania contributed little to the study of the rela- 
tions of the red beds. Rogers (47) said practically nothing. The numer- 
ous county and other official reports of the Second Pennsylvania Survey 
added little beyond remarking upon the “Catskill-Chemung transition,” 
always assuming the Catskill to overlie the Chemung. (See: Claypole 17; 
Dewees 21; D’Invilliers 22, 23; Ewing 24; Lesley 35; Platt 38; Sherwood 
50, 51; Stevenson 53, 55; White 60, 61, 62, 63.) Ashburner (1), writing 
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unofficially, mentioned “Catskill-Chemung interfingering” and seems to 
have thought of the two formations as contemporaneous and not sharply 
separable. It is interesting to note that James Hall disagreed with him 
and claimed that all formations are separable, but Claypole sided with 
Ashburner and seems to have been among the most progressive of the 
Second Pennsylvania Survey geologists. On that staff was at least one, 
J.J. Stevenson (56), who appreciated the true relations of the “Catskill.” 
Had Lesley not interfered, Stevenson’s ideas would have been incor- 
porated in his reports on Fayette and Westmoreland counties (Stevenson 
53) instead of appearing unofficially (Stevenson 54). Although not at 
first subscribing to the theory of the continental origin of the red beds, 
Stevenson early appreciated their equivalent age to at least part of the 
Upper Devonian marine formations. Prosser (42) cleared away White’s 
(60, 61) mistakes in the northeast by showing the absence there of marine 
Chemung. Williams (71) and Williams and Kindle (75) rendered a simi- 
lar service in central and north-central Pennsylvania, correcting earlier 
views of White (60, 61) and of Sherwood (50). In this northern region 
the work of Fuller (25) and of Fuller and Alden (26, 27) also improved 
upon earlier concepts. 

In recent years the principal light upon this problem in New York 
and Pennsylvania has come from Barrell (2), Clarke (14), Chadwick (7%, 
8, 9, 10, 11, 12), and Cooper (18). Barrell and Clarke considered the 
broader aspects of the problem of the Devonian red sedimentation of eastern 
North America. Chadwick has shown in detail how the red beds should be 
correlated with successive marine members traced eastward into the non- 
marine. Recent evidence by Cooper (18) forms the latest advance; it 
‘arries the oldest red beds of the Hudson Valley down into the Hamilton 
even below where Chadwick himself had placed them. 

A point particularly emphasized by Chadwick is the need of restricting 
the use of the name Catskill and the introduction of additional chrono- 
logic terms for the several ages of Devonian red beds. Eventually it may 
be convenient to designate all these Devonian red beds by some new group 
term, as a lithologic phase rather than as a chronologic division. The 
term “Catskill” is used broadly in this paper for the continental type of 
sediment usually dominated by red beds which terminated Devonian 
sedimentation in New York, New Jersey, Pennsylvania, and farther south. 
This was the preferred use by Williams (70), who went to some pains to 
explain that the “Catskill” is more a sedimentary phase than a time 
division and should be used as such in a broad sense, inserting, as Chadwick 
has done, other names for successive times of deposition of the “Catskill” 
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at various places. By so using Catskill (without quotation marks) and 
substituting for Chadwick’s restricted Catskill of Greene County an ap- 
propriate term for the red beds between the Oneonta and Catawissa (as 
Kaaterskill?), confusion may be avoided. Mather’s original “Catskill 
group” is now known to be nearly all Oneonta or older, so that the name 
Catskill is inapplicable at the original type locality. Mather probably 
intended to use the name to include all the Devonian red beds, and long 
usage has, whether unfortunately or not, made Catskill and Devonian 
red beds synonymous in the minds of most North American geologists. 
Using Catskill thus broadly will do little violence to the original definition 
and will simultaneously eliminate the need of changing the general use of 
the term. Its application in a restricted sense is likely to confuse those 
not particularly familiar with detailed Devonian stratigraphy in New 
York or Pennsylvania. However, rather than enter into controversy, 
“Catskill” will for the present be used broadly, as already stated, for all 
the Devonian red beds of whatever chronological position ; Chadwick’s 
Catskill (12), senso stricto, will include only the chronological subdivision 
as defined by him. 

Beginning in the southwestern corner of Pennsylvania and crossing 
the State to the upper Delaware Valley, the northeastern counties, and 
northern New Jersey, a series of exposures shows the relations of the 
“Catskill” to subjacent beds. ‘Ten localities have been selected and will 
be discussed in turn from west to east. 


“CATSKILL” CHRONOLOGY 
LOCALITY 1, FAYETTE COUNTY 


In Fayette County, southwestern Pennsylvania, about five miles south- 
east of Uniontown, the Chestnut Ridge anticline brings the top of the 
Devonian system to the surface as its westernmost exposure in this part 
of the State. Other outcrops occur along the adjacent Laurel Hill anti- 
cline to the east, but the beds all disappear shortly beneath the Mis- 
sissippian formations of west-central Pennsylvania. The Chestnut Ridge 
Devonian is fossiliferous, non-red, marine sandstone and shale overlain 
by “Pocono” conglomerate and sandstone. “Catskill” red sediments 
either did not terminate Devonian deposition in Fayette County or were 
eroded before succeeding beds were laid down. A red member in the 
“Chemung” has been reported in drill logs of this region (Butts 4; 
Campbell 6), but none is exposed at the surface. 

Conflicting views on the age of the exposed Devonian beds have been 
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FIGURE 1.—Sketch Map showing the Distribution of the Localities described in Pennsylvania 
and New Jersey 
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published. Butts (4) correlated them, chiefly upon subsurface data, with 
the post-Chemung of northwestern Pennsylvania. Recent studies by the 
Pennsylvania Topographic and Geologic Survey imply that this type of 
correlation is still subject to serious errors. Stevenson (54) and C. E. 
Hall (29) as far back as 1878 became involved in controversy over the 
age of the Fayette County Devonian. Hall, misinterpreting his fossils, 
erred badly, but Stevenson made surprisingly accurate correlations. 
Wisely, he (Stevenson 53, 54) submitted his fossils to James Hall, who 
established their Chemung age. Stevenson doubted the equivalence of 
this Chemung with the “Catskill” of the east and preferred to call it all 
lower Chemung. Chadwick (personal communication) suggests that 
these beds are Venango (Cattaraugus) and that the buried red band is 
Blossburg. With this view the writer does not agree for reasons which 
follow. 

Fossils were obtained for the Pennsylvania Survey by S. H. Cathcart 
and the writer from several localities on Chestnut Ridge. These have 
been identified and compared with the New York type lists (principally 
Williams 76, personally corrected by K. E. Caster of Cornell University, 
and Williams and Kindle 75) and with the Maryland type lists of Prosser 
and Swartz (45). Stevenson’s list (53) was checked with the rest. The 
absence of Spirifer mesacostalis with the presence of Spirifer disjunctus 
certainly suggests post-Chemung. However, Spirifer mesastrialis is pres- 
ent, and no example of Camarotoechia (?) duplicata was found. Fur- 
thermore, certain forms, notably Camarotoechia congregata var. park- 
headensis, C’. horsfordi, and Palaeoneilo maxima are strong evidence for 
correlation with the lower Chemung sandstones and shales of Maryland, 
not to mention their obvious affinities with the Parkhead (Enfield ?) of 
that State. The writer has already pointed out (Willard 66, 68) the 
increase of Maryland over New York species in the Devonian faunas of 
south-central Pennsylvania. The presence of the Parkhead member in 
the upper Portage of central Pennsylvania is now established (Willard 
68, and A. B. Cleaves, personal communication *). Is it surprising then, 
to find the Chemung of southwestern Pennsylvania carrying a faunule 
with a Maryland rather than a New York aspect? Until additional evi- 
dence may be forthcoming, the author believes it wise to correlate the 
exposed marine Devonian of Fayette County with the lower Chemung 


4Mr. Cleaves has been engaged upon studies of the Devonian in Perry County for the 
last two years and has co-operated with the writer in his work on the Devonian of 
Pennsylvania. 
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of Maryland. If this be true, the red.band noted in the “Chemung” in 
well logs may represent Chadwick’s restricted Catskill, assuming that the 
lower Chemung as exposed is of Cayuta age. 


LOCALITY 2, JOHNSTOWN 


The next place east of Fayette County to show the type of sediment 
of the highest Devonian is 53 miles northeast of Locality 1 and about one 
mile northwest of Johnstown, where the Conemaugh River cuts through 
the Laurel Hill anticline. In the western limb the Devonian-Mis- 
sissippian relations are like those recorded for Fayette County; the basal 
“Pocono” rests upon the marine Devonian. A mile away, in the eastern 
limb, the “Pocono” comes to rest upon barren red and chocolate beds, 
the westernmost exposure of Catskill type of sediment observed in south- 
western Pennsylvania. Phalen (37) gives the succession for the ex- 
posed “Catskill” as 110 feet of alternate red and chocolate sandstone and 
shale with some green shale in the lower part. Stevenson (56) suggested 
correlation with the sections by I. C. White (60, 61) for northeastern 
Pennsylvania ; but, since White was obviously wrong, Stevenson’s theories 
break down. Chadwick (personal communication) thinks that the ex- 
posed Devonian beds are post-Chemung. The fauna is too meager to 
support or refute such a conclusion. The advent of the red beds may 
imply a higher horizon (possibly the Cattaraugus) than was identified in 
Fayette County. However, the close similarity of the two sections except 
for the appearance of the red beds at Johnstown, coupled with conditions 
observed at Altoona (Locality 3, q. v.), makes correlation of the Johnstown 
Devonian with that of Fayette County reasonable. In this case the red 
beds are older than Chadwick suggests, possibly Montrose or even upper 
Catawissa in age, assuming, of course, that the marine beds are lower 
Chemung (Cayuta). Placing these Devonian beds so much lower in the 
scale than might have been anticipated from sections in northwestern 
Pennsylvania, throws doubt upon the Mississippian age of the overlying 
series, the “Pocono,” here and at Locality 1. Butts (4) suggested a 
Devonian-Mississipp‘an unconformity in southwestern Pennsylvania, and 
perhaps this will prove to be true when these relations are more fully 
understood through additional studies of the Lower Mississippian. At 
present we are unprepared to consider the question further, but the 
conglomeratic nature of the beds above the fossiliferous Devonian is sug- 
gestive (cf. White 64). 
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LOCALITY 3, ALTOONA 


On the “Horseshoe Curve,” where the Pennsylvania Railroad climbs 
the Allegheny front above the city of Altoona, a magnificent section of 
the Devonian and the Mississippian systems is exposed. Details of this 
have been recorded by Butts (3,5) and by Kindle (31). The author, in 
company with 8S. H. Cathcart of the Pennsylvania Survey, has gone over 
the section, bed by bed, besides previously visiting it under the guidance 
of Charles Butts himself during the first Field Conference of Pennsylvania 
Geologists, May 30, 1931. This section is 26 miles east of Locality 2. 
The “Catskill,” according to Butts, is 2,000 to 2,500 feet thick, consists 
of 80 per cent red and 20 per cent green sandstone and shale, and over- 
lies 2,400 to 3,300 feet of marine Chemung sandstone and shale. The 
ages assigned to the “Catskill” and the Chemung of this section are based 
upon collections made by Mr. Cathcart and the author. Kindle’s list 
(31) of Chemung fossils is presumably a composite from the entire group 
and therefore is of little value for ascertaining Chemung subdivisions. 
The marine Chemung, underlying the lowest red beds, carries both Spirifer 
disjunctus and S. mesacostalis. Here, as in Fayette County, types are 
recognized which in Maryland are lower rather than upper Chemung. 
The lowest red beds carry interbedded marine fossils which are inter- 
preted as upper Chemung, after the Maryland usage. Thus, the first 
“Catskill” sediments began in early Wellsburg (latter Chemung) time 
and are assignable to the Montrose. The Chemung below the red beds 
is designated as Cayuta in age. (Note: Mr. Chadwick writes that it is 
his opinion that the red beds of this section are higher, Chautauquan or 
later. In view of the faunules collected here and observed conditions at 
Localities 1 and 2, the author can not accept this designation.) 


LOCALITY 4, LOCK HAVEN 


Above Lock Haven, along the Susquehanna River, a Devonian section 
is exposed. Here, as at Altoona, 78 miles to the southwest, marine 
Chemung fossils occur below and above the lowest red beds. Bed-by-bed 
collections were made by S. H. Cathcart and the author. Among our 
fossils, Spirifer disjunctus is common, but S. mesacostalis is more rarely 
present and was not observed in the highest faunules intermingled with 
the red beds. The upper Chemung here is probably Wellsburg in age 
up to the red beds, and upon this basis the lower red beds are presumed 
to be very late Montrose or younger, more probably Blossburg, and so 
are younger than the lowest red members at Altoona. In this section 
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the writer agrees with Mr. Chadwick’s interpretations (7 and personal 
communication). Maryland elements having nearly disappeared, corre- 
lation of the Lock Haven fauna is based upon the New York faunal lists. 


LOCALITY 5, SUSQUEHANNA-JUNIATA VALLEYS® 


In south-central Pennsylvania, 87 miles east of Altoona, extensive ex- 
posures of the Devonian system are seen along the valleys of the Susque- 
hanna River and its major tributary, the Juniata. The Second Penn- 
sylvania Geological Survey reported the “Catskill” to be 6,000 feet thick 
in this region (Claypole 17), but present studies indicate 4,500 to 5,000 
feet as probably more nearly correct. The lower “Catskill” grades down- 
ward into non-red, marine beds that sometimes are assignable to the lower 
Chemung (Cuyata), but again to the Enfield, or, more strictly, Park- 
head, after the Maryland terminology (cf. Willard 68). This difference 
is due to the rapid thinning southward of the non-red Chemung beds, 
so that they may be locally absent or negligible. Possibly it would be 
more accurate to state that many of the beds which carry Chemung in- 
vertebrates are either themselves reddish or are interbedded with red, 
pink, or chocolate-colored beds. Not only do Chemung fossils occur in 
these “transitional beds,” but the lower third at least of the dominantly 
red series carries recurrent Chemung faunules (Claypole 16, 17) as- 
signed to the Cayuta member. Examples are the Kings Mill white sand- 
stone with a limited marine assemblage, and the Delville red sandstone 
with a mixture of marine invertebrates and ostracoderm plates : 


KINGS MILL SANDSTONE FAUNULE DELVILLE SANDSTONE FAUNULE 
Crinoid stem joints Spirifer mesacostalis Hall 
Spirifer disjunctus Sowerby S. disjunctus Sowerby 
Palaeoneilo cf. plana Hall Palaeoneilo sp. 

Schizodus rhombeus Hall Leptodesma sp. 


Pelecypod, indet. 


It is interesting to observe Claypole’s (15) early theories regarding 
the Kings Mill sandstone. Although he recognized that it belongs to 
the “Chemung-Catskill passage beds,” he suggested its correlation with 
the Panama conglomerate of southwestern New York. Since these beds 
are assignable to the Cayuta, the associated red strata belong to the 


5 Intermediate between Localities 3 and 5 is a region investigated by I. C. White (63) 
but as yet only partially studied by the author. White reported the total “Catskill” red 
beds in Huntingdon County to be 3,488 feet thick in the Coffee Run section with marine 
(Chemung 7?) fossils associated with fish remains in the lower 1,120 feet. He looked 
upon some 725 feet of alternating red and non-red beds as a Catskill-Chemung transi- 
tion. Evidently, his section is similar to that at Altoona; but too much reliance can 
not be placed upon it because of probable errors in determination of fossils. 
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Catawissa. Where they intermingle with the Parkhead, they may be 
designated as Catskill (senso stricto). These two faunules are the east- 
ernmost marine Chemung which the author has recognized at this 


latitude. 
LOCALITY 6, SELINSGROVE JUNCTION 


At Selinsgrove Junction near the forks of the Susquehanna in central 
Pennsylvania, 32 miles north of Locality 5 and 98 miles east of Altoona, 
no marine Chemung is known (cf. Williams and Kindle 75; Willard 67). 
Interbedded red and green beds follow immediately upon marine Portage 
whose youngest recognized fossils are either late Ithaca or true Enfield. 
Parkhead elements are lacking so far north. These lowest red beds should 
closely equal the Catskill in Chadwick’s restricted sense (12). Suc- 
ceeding red beds are assigned to the Catawissa, whose type locality is only 
a few miles to the east. 

LOCALITY 7, LEHIGH VALLEY 


Between the Susquehanna and the Lehigh valleys, the author recog- 
nizes differences in the Upper Devonian which need not be cited here. 
The sections in Swatara Creek valley 27 miles east of the Susquehanna 
River and on the Schuylkill 26 miles east of Swatara Creek are so like 
those of the Lehigh that a description of the last will suffice for all three. 
Barrell (2) gave a detailed section for the Schuylkill Valley. Except 
that he recognizes the highest marine beds as Portage, not Chemung, 
the author agrees with Barrell’s data. 

The Lehigh section south of Mauch Chunk is 78 miles east of the Sus- 
quehanna Valley. Here, White (61) reported 7,544 feet of “Catskill.” 
The section was also studied in detail by Winslow (78), who gave a total 
for the “Catskill” of 7,113 feet. Although the beds are disturbed in parts 
of the section, the author would assign a maximum for the red and green. 
continental beds of only 6,092 feet. The “Catskill” here has a smaller 
proportion of red beds than the sections to the west. Instead, an incre- 
ment of brown, olive, and, particularly, greenish sandstone and shale be- 
comes important. White (60) reported fully one-third of the “Catskill” 
on the Lehigh to be chiefly green. The lower or “transitional zone” car- 
ries many plant remains and, rarely, comminuted fish plates. Upward, 
the beds are practically barren; downward, the “Catskill” intergrades 
with marine beds carrying an Ithaca fauna, a condition practically identi- 
cal to that recognized at Selinsgrove Junction, except that the Lehigh 
Valley fossils are probably slightly older. Very few marine fossils were 
discovered in or interbedded with the lower red beds in the Lehigh, the 
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Schuylkill, or the Swatara valleys, although bands of Tentaculites and tiny 
crinoid stem segments sometimes occur higher than other marine fossils 
and may transcend the earlier red strata. It is probable that the lower 
red beds represent the Oneonta, a correlation in agreement with condi- 
tions observed at Locality 8, but the data are too unsatisfactory to dif- 
ferentiate this member definitely, nor can any bed be surely assigned to 
its equivalent in northeastern Pennsylvania—the Delaware River flags. 


LOCALITY 8, UPPER DELAWARE VALLEY 


Several Devonian sections along the north side of the Delaware Valley 
may be observed between Stroudsburg, 32 miles east of the Lehigh, north- 
eastward for 40 miles to Port Jervis, New York. In all of these the 
highest recognized marine fauna is Ithaca, perhaps lower Ithaca. Pros- 
ser’s (42) extensive studies of the Devonian faunas of northeastern Penn- 
sylvania corrected White’s (61) erroneous belief in the presence of marine 
Chemung in the upper Delaware Valley. He identified Sherburne beds 
with a recurrent Hamilton fauna and also the Ithaca. Prosser found the 
highest marine beds of this region in Brodhead Creek valley north of 
Stroudsburg, with only two invertebrates present, Spirifer mesacostalis 
and Leda diversa, These beds are overlain by dominantly red, continental 
beds. Below the fossils are 1,200 to 1,500 feet of barren, greenish sand- 
stone—White’s (61) Delaware River flags, which he also called “Delaware 
flags.” At the base of these at Analomink (formerly Spragueville), five 
miles north of Stroudsburg, is a lower red member approximately 100 
feet thick which rests upon fossiliferous, marine Ithaca beds. These 
lower red beds at Analomink—White’s New Milford red shale—are here 
assigned to the Oneonta (compare with the Lehigh River section), as 
also, in whole or in part, are the overlying Delaware River flags. The 
highest marine beds, with only two species of fossils, should, therefore, be 
Enfield followed by true Catskill and Catawissa continental beds which 
are inseparable but both of which are assumed to be present, as still 
higher red beds are the Montrose, which can be followed around the eastern 
end of the Pocono Mountains into Susquehanna County. 

This section demonstrates how the lower red beds have been further 
supplemented by non-red, chiefly greenish, continental beds—a change 
so pronounced that along the Delaware Valley north of Port Jervis, red 
beds, though present, have ceased to characterize the exposed, continental 
Devonian. The Oneonta is represented by all or nearly all of the 1,200 
to 1,500 feet of dominantly greenish, cross-bedded, coarse sandstone at 
this, the type, locality of White’s Delaware River flags. The remaining 
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red beds are confined mostly to still higher members and form about 20 
per cent of the total nonmarine “Catskill,” an exact reversal of the red- 
green proportions at Altoona, Locality 3. The Oneonta between Strouds- 
burg and Port Jervis grades downward into marine strata with Ithaca 
faunules. Prosser’s faunal lists (42) place these beds in Williams’s (76) 
“Paracyclas lirata zone” or basal Ithaca (Otselic ?). The faunas agree 
closely thereto, even to partial replacement eastward of Paracyclas lirata 
(which is rare) by Spirtfer mesastrialis. Thus, while Prosser (44) prob- 
ably correctly believed his highest marine beds in Orange County, New 
York, to be Sherburne, a slightly later age seems assignable to those 
in northeastern Pennsylvania (cf. Grabau 28). 


LOCALITY 9, SUSQUEHANNA AND WAYNE COUNTIES 


The Delaware River flags, traced northward into Wayne County, pass 
underground as one turns westward toward the Wayne-Susquehanna 
county line. In Susquehanna County on Cascade Creek near the village 
of Susquehanna, White (60) and Willard (68) have reported a Chemung 
fauna in White’s Cascade sandstone. More than 1,000 feet below the 
Montrose red beds, from which it is separated by White’s New Milford 
group, this sandstone is of Cayuta age. It overlies the Delaware River 
flags, whose westerly dip carries them below ground before reaching this 
type locality for the Cascade sandstone. White placed the Cascade below 
the Delaware River flags, which he correlated principally with his New 
Milford group. This interpretation of the section substantiates the 
correlation of the Delaware River flags with the Oneonta. Since the Cas- 
cade sandstone faunule is Cayuta, the upper part of the flags may even 
be Catskill in Chadwick’s restricted sense. 

The Cayuta and the Wellsburg are not clearly separable in Susquehanna 
County, but the Montrose (Vanuxem 58, not White) red beds, some 1,000 
feet above the Cascade sandstone, are assigned to the Wellsburg. The 
author has traced the Montrose red member westward into Bradford 
County, where it begins to mingle with marine strata carrying an upper 
Chemung or Wellsburg fauna. 


LOCALITY 10, NORTHERN NEW JERSEY 


The region of Green Pond Mountain in northern New Jersey lies ap- 
proximately 45 miles east-northeast of Stroudsburg and 25 miles east of the 
nearest upper Delaware Valley Upper Devonian exposures in Pennsylvania. 


* The correct relation of the Delaware River flags to the Cascade sandstone and the New 
Milford group was first pointed out to the writer by Mr. Chadwick. 
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It extends well into Orange County, New York (Darton 20, Ries 46). 
Barrell (2) called this area ‘“‘an isolated, down-faulted and down-folded 
syncline of Paleozoic rocks.” Under the assumption that the New Jersey 
sediments were deposited in a region continuous with northeastern 
Pennsylvania (cf. Kiimmel 33; Barrell 2), they supplement conditions 
there recorded. In New Jersey the highest marine beds—the Cornwall 
shale (“Monroe” or “Pequanac” of other reports. cf. Kiimmel and Lewis 
34) and overlying Bellvale sandstone—carry a characteristic Hamilton 
faunal facies (Kiimmel and Weller 32; Weller 59; Willard and Cleaves 
69). Their Devonian age was first recognized by Smock (52). For 
reasons cited elsewhere (Willard and Cleaves 69) these Hamilton shales 
and sandstones are assigned to the Marcellus. The sandy Bellvale beds 
give place above to the Skunnemunk red or purplish sandstones and con- 
glomerates which Barrell (2) called a fragment of an ancient gravel plain 
between mountains to the east and delta to the west. In demonstrating 
this, he established the logical relations of the coarse Skunnemunk member 
to the finer, Upper Devonian red and green beds of Pike and Monroe coun- 
ties to the west.”_ No invertebrate fossils have been found in the Skunne- 
munk in New Jersey or New York, although Prosser (41) suggested a 
post-Hamilton age for certain plants from this deposit in Orange County. 
Evidently, the lower portion of the red beds may be safely dated early 
Hamilton in age. In fact, Ries (46) reports that the red beds even cut 
down into the fossiliferous Cornwall (‘““Pequanac”) shale at Pea Hill near 
Cornwall, New York. Evidently the Bellvale has all gone over to red 
beds before reaching the northern end of the syncline. Prosser may have 
been quite right in correlating the upper part of the red beds with the 
Portage, in which case they should correspond to the Oneonta and equal 
the Delaware River flags of northeastern Pennsylvania. Applying Chad- 
wick’s terminology for the Devonian red beds, we may assign at least the 
lower portion of those of the Green Pond Mountain area to the Kishatom 
of Hamilton age, an assignment analogous to conditions now known to 
obtain in the Hudson Valley (Cooper 18; Chadwick 12). 


7A curious repetition by the Devonian sediments of local conditions in early Silurian 
time is here observable. The Lower Silurian Green Pond Mountain conglomerate of 
this region and the Shawangunk conglomerate and sandstone of the upper Delaware 
Valley (Willard 65) have respectively the same relations as the Skunnemunk and the 
Delaware River flags, etc., of the Devonian. 

8Grabau (28) assigned the Ashokan member, a series of some 500 feet of fresh-water 
flagstones in Greene and Ulster counties, New York, to the upper Hamilton. If this 
correlation be correct, they should chronologically equal the lower portion of the Skunne- 
munk. Lithologically, however, they are much more akin to the Delaware River flags. 


— 
| 
| 
| | 
3 | 
| 
} 
4 
i 
f ¥ 
i 
4 — 


508 B. WILLARD—‘‘CATSKILL’’ SEDIMENTATION IN PENNSYLVANIA 


SUMMARY AND CONCLUSIONS 


In examining the chronology of the oldest red or green, chiefly continen- 
tal, Devonian (“Catskill”) strata to appear in successive sections from 
southwestern Pennsylvania to northern New Jersey, it is obvious that: 


1. As the basal beds of this phase are followed eastward, their age grows 
progessively greater from Montrose (upper Chemung) to Kishatom 
(Hamilton). Those at Johnstown, where the exact time of commencement 
of red sedimentation is in doubt, form a possible exception. The apparent 
irregularity at Lock Haven in the otherwise unbroken downward suc- 
cession will be discussed below. This order of change in sedimentation 
is readily seen if tabulated. (See page 509.) 

2. As the red and green deposits supplant the non-red beds in the closing 
chapter of Devonian sedimentation in Pennsylvania, there are two 
definite changes in the character of the deposits. In the eastern, and 
particularly the northeastern, region, the continental beds are character- 
ized by coarse, greenish flagstones with proportionally. little red. West- 
ward, these interfinger with and gradually yield place to dominantly red 
beds. Even as the red beds become dominant, they, in turn, begin to 
change both by interfingering of marine strata and by actual presence of 
marine organisms in the red beds themselves until salt water deposits 
become the rule. 

It is noted that the proportion of the lower part of the red or green 
beds carrying marine organisms increases from a minimum in the east to 
include the lower third of the red beds on the Susquehanna and perhaps 
beyond. Therefore, although the continental origin of the green flagstones 
in the northeast seems undeniable, and although much of the red series 
farther west is probably also fresh-water deposited, the percentage of salt- 
water-formed beds rises perceptibly westward until only truly marine 
Devonian is exposed. Clearly, the belief in the fresh-water origin of red 
beds is inapplicable to a fair proportion of the Catskill type in Pennsyl- 
vania. 

3. Finally, a most significant point may be observed if the marine 
Devonian of southwestern and of northwestern Pennsylvania be com- 
pared. Nowhere in southwestern Pennsylvania was the base of the red 
beds found to rise as high as the Cattaraugus or even the Blossburg of 
the northwestern regions; nowhere were marine faunules recognized as 
young as those of the northwestern sections (post-Chemung or Chatauquan 
and Bradfordian). There has been a tendency among some stratigra- 
phers to correlate along north-south meridians in the regions adjacent to 
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the New York-Pennsylvania state line. This correlation appears to be 
based upon the assumption (true in that region, perhaps) that the western 
shore line of Appalachia in latter Devonian time trended approximately 
north-south. When we observe conditions of Devonian sedimentation in 
central and in southwestern or even, in part, in eastern Pennsylvania, it is 


1.—Basal “Catskill’’ Chronology Summarized 


od a5 5 
2|2/ 3/22/92] | 28| 
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quite evident that a very dissimilar condition obtained south of the north- 
ern tier of counties. The shore swung southwest across south-central 
Pennsylvania into Maryland (cf. Schuchert 48, 49), roughly conforming 
to, but lying east and southeast of, the present Appalachian Mountain 
arcs. Therefore, the time of off-lap of the first red beds on any meridian 
in southwestern and south-central Pennsylvania is, in general, earlier than 
that of the beginning of the deposition of red beds along the same merid- 
ians in northwestern or north-central Pennsylvania and across the line 
in New York. The fresh-water sediments of the Devonian in southern 
Pennsylvania and Maryland were built out, not westward from a north- 
south trending shore line, but northwestward from a coast which ex- 
tended northeast and southwest. Barrell (2) explained all this and 
pointed out that, subsequent to deposition, erosion eastward of the coarser 
(and older) red beds places the present eastern border of the Devonian 
sediments somewhat west or northwest of its original position. The 
treen Pond area is an exception and represents a remnant of the older, 
eastern extension of the coarser Devonian beds preserved through in- 
folding. 

Could we observe the buried Upper Devonian strata across western 
Pennsylvania from Fayette to Erie counties, we ought to find the base of 
the red beds rising or the marine members growing younger to the north- 
west, or in a direction roughly normal to the Upper Devonian shore line of 
Appalachia in central Pennsylvania and southward into Maryland. It re- 
mains for further subsurface correlations to prove or disprove this sugges- 
tion. The apparent irregularity in the westward rise of the base of the red 
beds, shown at the Lock Haven section and noted in Table 1, is “the excep- 
tion that proves the rule.” The members of the Lock Haven section ac- 
tually formed farther northwest from Appalachia than those at Altoona, 
and its basal red beds there should be higher and younger than those at 
Altoona or on the Susquehanna. 
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ITYDROGRAPHIC DATA? 
BY GILBERT T, RUDE? 


(Read before the Geological Society, December 28, 1932) 


CONTENTS 
Page 
INTRODUCTION 


The nautical chart is indispensable to the economic development of 
maritime nations; the chart can not follow, but must be a pioneer in that 
development—the survey vessel must precede the merchantman. And, 
too, hydrography is the fundamental requisite and one of the most im- 
portant factors in the construction of the nautical chart. Because of the 
lack of detailed hydrographic surveys over a large part of the coastal 
waters of the world, early nautical charts were constructed in large part 
from very incomplete and approximate basic data, generally of a recon- 
naissance nature. As the economic importance of these areas increased, 
and as the national consciousness became awakened to the necessity of 
adequate charts as an important factor in the nation’s development, de- 
tailed hydrographic surveys for revised charts were begun, utilizing the 
means and employing the methods available at the time. These surveys 
have been followed, in turn, by others more accurate and more detailed as 
modern science has made available equipment and methods undreamed of 
in the pioneer days of the art of hydrographic surveying. Unless the 
charts are critically evaluated from an intimate knowledge of the factors 


1 Manuscript received by the Secretary of the Society, February 15, 1933. 
2 Captain, United States Coast and Geodetic Survey; Chief, Division of Hydrography 
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and the data involved in their production, these progressive, detailed 
surveys, each more accurate than its predecessor, may indicate extensive 
changes in the sea bottom, which actually have not taken place. 


EVALUATION OF DATA 


The limitations of basic data are not always recognized by the scientist 
nor taken into account in his interpretation of the charts in his studies 
of physiographic features. Before accepting data obtained for charting 
purposes he should become familiar with the order of accuracy of various 
methods of hydrographic surveying and with the sources of error inherent 
in offshore surveys; he should recognize the necessity for a detailed and 
an intimate knowledge of the basic factors involved in chart production 
for its critical evaluation. 

Since the ready interpretation of the chart by the mariner requires that 
only a few representative soundings be shown, the scientist should consult 
original records of the hydrographic survey in his interpretation of these 
data for his study of physiographic features, and even here he must 
employ the methods of the skilled hydrographer in the evaluation of the 
survey as to the adequate spacing of the lines of soundings on the original 
survey sheets and as to the intensity of soundings on those lines, com- 
mensurate, of course, with the depth of the water as well as with the 
character of the bottom. The true measure of the adequacy of a survey is 
the ability to draw all depth contours with no doubt existing as to the 
accuracy of their trends and also as to the sufficiency of check cross lines ; 
the true measure of the accuracy of a survey is the agreement of the 
soundings on the check cross lines compared with those at the inter- 
sections with the lines of the main system. On both these tests no arbitrary 
rules can be laid down, because the depths and the bottom formations must 
be given consideration. The ability to apply these tests successfully 
comes with experience in hydrographic surveying and is a measure of the 
skilled hydrographer. 

This ability to sense the shape of contours is not necessarily confined 
to the hydrographer ; of all the various groups of scientists, the geologist, 
from his intimate knowledge of formations and trends of contours of 
land, is peculiarly equipped to visualize the probable shape of submarine 
contours, especially after having become familiar with the methods and 
technique of hydrographic surveying. He should, however, apply such 
tests, not to the finished chart, but to the basic data, since charts are 
constructed at times from soundings obtained from various sources ; sound- 
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ings of questionable accuracy as to geographic positions and to their 
relative positions. He should weigh the methods and technique employed, 
determine the accuracy sought on the survey—whether it be intended 
as a finished survey or as a reconnaissance; whether it be carried on by 
amateurs or by officers of organizations skilled in the art of hydrographic 
surveying, using all the appliances, methods, and technique offered by 
modern science. This last requirement is especially necessary for hydro- 
graphic surveys out of sight of land. 

In the interpretation of these data in his physiographic studies, the 
scientist should especially avoid the comparison of soundings obtained out 
of sight of land at various times by different surveying expeditions. Any 
conclusions thus reached will almost certainly be erroneous and quite 
misleading. He can not, for example, estimate the degree of slope of the 
Hudson River gorge out of sight of land off the entrance to New York 
Harbor by comparison of soundings obtained from surveys years ago with 
those made today. In fact, even the accuracy of position obtainable out 
of sight of land with the scientific methods now employed will not permit 
the unquestioned estimating of the degree of slope by comparison of sound- 
ings on different sounding lines even of the same survey. The comparison 
of contiguous soundings on the same sounding line will yield fair results ; 
but the desired accuracy can be obtained only by a line of soundings run 
for this particular purpose, with positions determined by a system of local 
huoy control. 


METHODS OF SURVEYING 
EARLY SURVEYS 


The early need for hydrographic surveys in this country naturally was 
most urgent in rivers, in harbors, and in their immediate approaches ; the 
efforts of the hydrographers of that period were, therefore, confined to the 
development of methods adapted to surveys within sight of landmarks. 
These have proven quite satisfactry for modern charting. Offshore, 
however, the instruments and methods in use, even up to the time of the 
World War, were far from satisfactory, especially as to the determination 
of the geographic positions of soundings out of sight of land. During the 
period since the War, revolutionary departures from these methods have 
taken place. 

To appreciate fully the advance in technique, it may be well to review, 
briefly, earlier methods and to discuss in somewhat more detail the modern 


ones. 
Prior to 1872, deep sea soundings were made with hempen line about 
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a quarter inch in diameter; the sinker weighed from one to several hun- 
dred pounds depending upon the depth expected. From an hour to an 
hour and a half was required for this line to run out for a sounding in 
2,000 fathoms, and about two and a half hours for hauling in from that 
depth. During this period of about four hours the vessel was drifting 
from the position of the sounding at an unknown rate; it was seldom, 
therefore, if ever, that a true upright cast was obtained. 

In 1872, Sir William Thompson invented his deep sea sounding machine 
for use with piano wire. The use of wire reduced the time for a sounding 
to about one-third of that required with the rope, yet over an hour is now 
required for a wire sounding in 3,000 fathoms. Is it to be expected, 
therefore, that the sounding of today by the indirect echo method, with- 
out the element of drift of the vessel, will agree with the wire and rope 
sounding of that day? 

Until the introduction of radio acoustic ranging, developed by the 
United States Coast and Geodetic Survey within the past decade, the de- 
termination of the geographic positions of soundings had been based almost 
entirely on more or less refined methods of navigation, especially on off- 
shore hydrography where such determination depended on ccelo-navigation, 
on precise dead reckoning, or on a combination of both. Even with all the 
refinements possible to these methods, the finally accepted positions of the 
soundings were quite approximate. And it must be borne in mind that a 
sounding has three dimensions; that is, to have any real value the de- 
termination of a vertical measurement to the ocean’s floor is dependent 
upon a reasonably accurate determination of its geographic position. 
Precise determinations of the relative positions of soundings are especially 
necessary if the resulting data are to be used for scientific purposes. 

Modern science offers the means for revolutionary improvements en- 
tailing radical departures from the old methods, both in technique and 
in the instruments employed in the determination of the geographic 
positions of soundings as well as in the measurement of the depth. 


ECHO SOUNDING 


It is not the purpose of this paper to furnish a detailed description of 
echo sounding, nor more than a general idea of the technique employed 
by modern hydrographers in depth measurements and in the determina- 
tion of their geographic positions. 

Depths are now determined indirectly by the measurement of the time 
interval required for a sound wave to travel to the ocean bottom and to 
return as an echo to the surveying vessel. The construction of the espe- 
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SPECIMEN COPIES OF THE SUBMARINE SIGNAL CORPORATION'S 

GRAPHIC RECORDER NO. 505 

RECORD OBTAINED ON ‘BOARD THE S. S. YARMOUTH 
BETWEEN BOSTON AND YARMOUTH 

THE RECOROER CAN BE USED WITH TYPE 480,5I5,OR 431 FATHOMETERS 
ON THE “FAST RED LIGHT METHOD; IT USES A PAPER FEED 
SPEED OF ONE INCH IN TEN MINUTES AND RECORDS 
24 SOUNDINGS A MINUTE OR 240 TO THE “INCH 


FiGuRE 3.—Specimen Copies of the Submarine Signal Company’s Graphic Recorder 
With this recorder a perfect bottom profile is obtained graphically. 
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cially designed, time-measuring instrument is based on a precise knowl- 
edge of the velocity of the transmission of sound in sea water. With 
piano wire, over an hour is required for a sounding in 20,000 feet; an 
echo sounding, equally, or more, accurate, can be made in that same depth 
in eight and one-third seconds. Since this echo sounding is made with 
the ship at full speed it is evident that the reckoning of the ship’s position 
is subject to less error, due to uncertain effects of wind and current, 
and, therefore, a more accurate determination of the geographic position 
of the sounding is made possible. 

Velocity of sound transmission in sea water is affected by the tem- 
perature, the pressure, and the salinity of the water; the modern hydrog- 
rapher, therefore, must give special attention to the determination of the 
physical properties of the sea water over the area under survey. These 
data are obtained by a system of serial observations made at intervals over 
the area by means of piano wire to which are attached water specimen 
cups and reversible deep-sea thermometers. 


RADIO ACOUSTIC RANGING 


Knowledge of the velocity of the transmission of sound in sea water 
is also made use of in determining the geographic position of the sound- 
ing. This method of position determination, known as Radio Acoustic 
Ranging—and also the apparatus—has been developed by the United 
States Coast and Geodetic Survey and the Bureau of Standards within 
the past decade for use when positions can not be determined by means of 
visual “fixes” on shore signals. 

The position of the survey vessel is determined by its di8tance from 
hydrophones at two or more suitably placed shore stations or suspended 
from two station ships, the positions of which have been accurately de- 
termined by radio acoustic triangulation.* The measurement of these 
distances is obtained by the determination of the time required for a 
sound wave to travel under water from the survey vessel to the hydrophone 
stations. 

Along a coastline where shore stations can be used, a hydrophone is 
anchored at each station a short distance offshore and connected by cable 
with the transmitter of a temporary radio station on the beach. Another 
hydrophone, attached to the hull of the survey ship, and the vessel’s 
radio receiving set, are both connected electrically with an especially con- 
structed chronograph on board the ship. The time of the receipt at the 


3G. T. Rude: “The Survey of Georges Bank.” The Military Engineer, vol. 24, No. 135, 
May-June, 1931. ‘ 
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Figure 5.—One of the submarine Valleys indenting Georges Bank 


This valley was discovered at the end of the survey season of 1931. Additional knowl- 
edge of this valley was secured during the season of 1932, records of which are not yet 
available. This additional study was made because of its possible interest to the 


geologist. 
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vessel of either an underwater sound wave or a radio signal may thus be 
recorded on the tape of this one chronograph. 

A bomb, composed of a small quantity of T. N. T. and timed to sink 
about thirty fathoms before exploding, is dropped overboard from the 
survey vessel while underway. The chronograph on the ship receives 
electrically from the ship’s hydrophone the impulse from the explosion 
and records it on the tape. The sound wave also travels to each shore 
hydrophone station where the vibrations thus set up cause an electrical 
impulse to travel through amplifiers to a thyratron. The actuation of 
the thyratron causes the radio transmitter to send out automatically a 
dash denoting the exact instant of the arrival of the sound wave at the 
shore station ; the signal from each shore station is received by the survey 
ship’s radio receiver and transmitted to the chronograph, where its re- 
ceipt is recorded on the same tape which recorded the T. N. T. explosion. 
Since radio transmission equals that of light, the elapsed times indicated 
on the tape are those required for the sound wave to travel via the water 
to each shore station. These time intervals can be measured from the 
chronograph tape within a hundredth of a second and the distance then 
readily computed ; in these computations, values are used for the velocity 
of sound in sea water corresponding to the temperature and salinity of 
the particular region. 


CONCLUSION 


Modern science offers its resources and methods to assist the hydrog- 
rapher in the art of hydrographic surveying, and the geologist should 
accept, in his physiographic studies, only those data which are obtained 
by the employment of scientific methods and technique. Modern hydro- 
graphic surveying has assumed a scientific aspect of no small degree, and 
the geologist should at least accept with reservations any data not based 
on these modern principles and not meeting the requirements com- 
mensurate with the possibilities offered by science. 
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INTRODUCTION 


A number of unusually sharp domes are found in Lincoln and southern 
Mitchell counties, Kansas (figure 1). Some of the individual domes have 
closures as great as 90 feet and a structural relief exceeding 130 feet (figure 
2). Dips up to four degrees were measured by one of the authors (Landes) 
in southern Mitchell County.? Most of the anticlines are elliptical, but a 
few are nearly circular. One cluster in north central Lincoln County 
consists of six domes, of which five have the same top contour. In another 
group in the same vicinity four domes lie in a row, but such alignment is 
exceptional. To the southwest and west a greater variation in shape occurs, 
and Twenhofel* has termed such structures “amoeboid.” Although a 
number of test wells have been drilled on both the symmetrical domes 


1 Manuscript received by the Secretary of the Society, June 4, 1931. 

2K. K. Landes: Geology of Mitchell and Osborne counties, Kansas. Kansas Geol. 
Survey Bull. 16, 1930. 

3’ Ww. H. Twenhofel: Surface structures in western Kansas. Bull. Am. Assoc. Petrol. 
Geol., vol. 9, 1925, p. 1063. 
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and the “amoeboid” anticlines in Mitchell, Lincoln, and Osborne counties, 
they have all been dry. The producing folds of Russell and Ellis counties 
are mainly of a different type. There, the surface dips are more moderate, 
and the axes of the folds have a definite north-south trend. In both types 
of structure the dips become progressively steeper with depth. Where the 
Lincoln and the Mitchell county domes are crossed by deep valleys the 
dip of the basal Greenhorn limestone is noticeably greater than the dip of 
the “fence-post” limestone at the top of the formation. The Greenhorn 
is up to 10 feet thicker in the synclines than in the anticlines.* Its 
average thickness in this area is 85 feet. 


Previous INVESTIGATIONS 


Rubey,* in discussing the origin of the folds in Russell County, states 
that the folds can not be explained by simple horizontal compression, be- 
cause of great distances to orogenic areas and the incompetency of the 
soft shale beds in which the folds are usually developed. He describes 
four possible causes for the Russell County structures: (1) conformity of 
strata to the shape of buried land forms, (2) differential settling due to 
buried lenses of sandstone, (3) folding in surface rocks due to movements 
along deep-seated faults, and (4) folds formed by leaching of salt beds. 
Rubey concludes that the gentle, unsystematic folds may be due to com- 
paction adjustments over an old land surface and that “the Fairport- 
Natoma anticline was formed chiefly by consolidation of sediments over a 
buried fault scarp.” The structural basins are due either to the dissolu- 
tion of salt or to the presence of sandstone lenses lying across buried val- 
leys and at a stratigraphically higher position which would compact less 
than the surrounding material. 

Twenhofel ® recognized the two types of structure in Russell, Lincoln, 
Barton, and Ellsworth counties and stated that the “amoeboid” type “is 
thought to extend not below the top of the Permian and to affect the strata 
of the Cretaceous only.” He noted that the Permian-Cretaceous contact 
is an erosional unconformity where exposed and concluded that the 
“amoeboid” folds “are believed to have developed as a consequence of 
deposition and settling of the Cretaceous sediments over irregularities of 


#R, A. Whortan: Informal communication. 

5W. W. Rubey and N. W. Bass: The geology of Russell County, Kansas. Kansas 
Geol. Survey Bull. 10, 1925, pp. 72-85. 

* Op. cit., pp. 1063-1064. 
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the Permian surface, or over and around sand lenses in the post-Permian 
sediments.” 

Although his published remarks have been confined to the Fairport 
anticline, T. H. Allan has studied the structures to the east and has con- 
cluded that they are due to a combination of initial dip on the flanks of 
Permian or basal Cretaceous hills and differential compaction.’ The 
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Rattlesnake : creek 


FIGURE 2.—Structure Contour Map of “The Twins,’ Mitchell County 
Map published through the courtesy of T. H. Allan and the Midwest Refining Company. 


authors gratefully acknowledge valuable assistance from Mr. Allan during 
the preparation of this paper. Other geologists engaged in a study of the 
structures of north central Kansas have reached conclusions similar to 
those of Twenhofel and Allan, but to date no publication has come to the 
attention of the writers citing evidence for such conclusions. 


7T. H. Allan: Oral communication. 
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THEORIES OF ORIGIN 
GENERAL STATEMENT 


The relatively steep-sided domes in Lincoln and Mitchell counties must 
have been created through processes acting in a vertical direction. The 
possibility that horizontal forces might have been responsible for the fold- 
ing is considered out of the question for reasons already stated by Rubey— 
namely, the great distance to regions of upper Cretaceous or later orogenic 
activity and the incompetent character of the shale formations involved 
in the folding. Furthermore, there is no consistent trend of the anticlinal 
axes, and the presence of practically circular domes argues strongly against 
horizontal compression. The vertical forces that might produce elliptical 
and circular domes are (1) injected igneous plugs, (2) injected salt 
plugs, (3) differential settling caused by leaching of salt, (4) depositional 
dips on the flanks of ancient hills, and (5) differential compaction over 
buried hills and valleys or lenses of sandstone. Each of these possibilities 
will be considered. 

INJECTED IGNEOUS PLUG 

The domes in north central Kansas are similar in structural relief, area, 
and appearance to the anticlines in Woodson County that are very prob- 
ably caused by igneous intrusion. Rose Dome, in southern Woodson 
County, covers four sections, has a closure of about 140 feet, and is cir- 
cular in outline.’ A granite dike outcrops on the north flank of this dome. 
and a well, drilled near the top of the dome, encountered highly silicified 
rocks containing abundant contact metamorphic minerals.® A well on the 
southeast flank of Rose Dome encountered a peridotite dike.'° An ellipti- 
cal dome six miles to the southwest (the Silver City anticline) has about 
the same structural relief as the Rose Dome but covers a slightly larger 
area. Contact metamorphosed rocks (the Silver City “quartzites”) crop 
out on the north flank of this anticline." A well, drilled on a relatively 
steep-sided dome in northeastern Woodson County, about two and one-half 
miles southwest of Neosho Falls, encountered extensively silicified rock.'* 
Doubtless, the same magma that supplied the solutions for silicification 
and the deposition of contact metamorphic minerals also arched up the 
strata into the sharp folds just described. 


8 W. H. Twenhofel and E. C. Edwards: The metamorphic rocks of Woodson County, 
Kansas. Bull. Am. Assoc. Petrol. Geol., vol. 5, 1921, p. 65. 

°W. H. Twenhofel: Intrusive granite of the Rose dome, Woodson County, Kansas. 
Bull. Geol. Soc. Am., vol. 37, 1926, p. 404. 

1° W. H. Twenhofel and Bernard Bremer: An extension of the Rose Dome intrusives, 
Kansas. Bull. Am. Assoc. Petrol. Geol., vol. 12, 1928, p. 757. 

1 Twenhofel and Edwards: Op. cit. 

2G. L. Knight: Informal communication. 
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In the case of the Lincoln and the Mitchell county domes there is no 
positive evidence of igneous activity. The nearest dike is 60 miles to the 
east, in western Riley County.'* Not only is there no suggestion of hydro- 
thermal alteration in the outcropping rocks, but those encountered by 
wells drilled to depths exceeding 4,000 feet are likewise entirely unaltered. 
The strongest evidence against arching due to igneous intrusion is the fact 
that, as suggested by Twenhofel, the folds under discussion do not persist 
with depth. The Abercrombie well in southern Mitchell County, which 
was started at the highest point of a pronounced dome, reached the top of 
the Permian, 98 feet higher than did the Gurley well, two miles away, and 
yet an upper Permian marker is 49 feet higher in the latter well (figure 3 ; 
correlations by Ockerman). 

SALT PLUG INTRUSION 


Deep-seated salt plugs could not have created the anticlines under dis- 
cussion for the same reason that opposes an igneous plug origin—namely, 
the disappearance of the structures with depth. Dips formed by pushing 
up strata from beneath steepen with depth due to compaction of the sedi- 
ments above the intrusive body. Solution and uneven redeposition of Per- 
mian salt by ground water has been suggested by geologists working in 
north central Kansas, but in the wells drilled no unusual thicknesses of 
salt have been encountered, and in many of the wells, such as the Aber- 
crombie, located on high surface structures, was found no salt at all. 


DIFFERENTIAL SETTLING CAUSED BY LEACHING OF SALT 


Partial or complete removal of salt by dissolution in ground water causes 
slumping of the overlying strata. If the removal is not uniform areally, 
basins may be formed with structural divides between them. This process 
may account for some of the closed synclines in Mitchell, Lincoln, and 
adjoining counties, and perhaps for some of the “amoeboid” anticlines, 
but it does not account for the symmetrical domes, especially those of cir- 
cular outline, because slumping into surrounding basins should not be so 
regular. Furthermore, the anticlines in this case should all contain a 
normal, or nearly normal, thickness of salt; whereas they do not. How- 
ever, some of the regional structure may be due to salt leaching. Mitchell 
County contains a large structural basin beneath which salt is apparently 
absent.‘* The sharp domes in the southern part of the county lie on the 
south flank of this basin. 


13R. C. Moore and W. P. Haynes: An outcrop of basic igneous rock in Kansas. Bull. 
Am. Assoc. Petrol. Geol., vol. 4, 1920, pp. 255-261. 

14K. K. Landes: Geology of Mitchell County, Kansas. Kansas Geol. Survey Bull. 16, 
1930. 
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EXPLANATION 


fa Limestone or Gypsum 


Shale 
Sandstone 


Sandy limestone 


1. Abercrombie No. 1. Cen. NW NE sec. 32, T. 9S., R. 7 W, 
2. Gurley No. 1. SE % sec. 27, T.9S., R. 7W. 


Fiaure 3.—Logs of Abercrombie and Gurley Wells, Mitchell County 
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DEPOSITIONAL DIPS ON THE FLANKS OF BURIED HILLS 


Bridge and Dake ™ have described in a full and convincing manner 
steep initial dips of Cambro-Ordovician sediments on the flanks of pre- 
Cambrian porphyry knobs in southeastern Missouri. The dips closely 
conform to axes of old pre-Cambrian drainage lines, the sediments form- 
ing synclines over the valleys of even the minor tributaries. Erosion has 
uncovered the tops of most of the pre-Cambrian hills, but there are a few 
quaquaversal folds in which the porphyry cores are not exposed. Where 
that is the case the buried hill summits are estimated to be at depths not 
greatly exceeding 100 feet. The dips in the sediments are as high as 30 
degrees. The determining factors were evidently the slope of the sea floor 
and the angle of repose of the material being deposited. Bridge and Dake 
discuss a number of alternative hypotheses and conclude that none of 
them is applicable. Formation of the domes by isostatic adjustment is 
impossible, as some of the small domes are not more than 200 to 300 
yards in diameter and therefore cover an area too small conceivably to be 
affected by isostasy. Formation by compaction is likewise impossible 
because in some instances only a few feet of sediment were compacted. 
Thinning by solution could explain the dips in the soluble sediments but 
not those in the coarse clastics, and coarse clastics are present in some 
places without intercalated soluble beds. 

The evidence in Lincoln and in southern Mitchell counties is favorable to 
the theory of depositional dip. The presence of a “great angular un- 
conformity” ?* at the base of the Cretaceous is recognized by petroleum 
geologists working in this area. Subsurface maps of Osborne and of 
Mitchell counties show that the Permian surface has considerable local 
relief and a regional northward dip, whereas the strata within the Permian 
have a regional dip to the west and northwest.'* Twenhofel '® states that 
the Permian-Cretaceous (Comanchean) contact is uneven at the outcrop. 
Tester in his study of the Kansas Dakota has not only noted the presence 
of Permian hills but has also observed dips in the overlying Cretaceous 
sediments conformable to the Permian surface.?° 


15 Josiah Bridge and C. L. Dake: Initial dips peripheral to resurrected hills. Mis- 
souri Bur. Geol. and Mines, Bien. Rept. State Geologist 1929, pp. 93-99. 

16 Thid., p. 98. 

177, H. Allan and M. M. Valerius: Fairport Oil Field, Russell County, Kansas. Struc- 
ture of Typical American Oil Fields, vol. 1, 1928, p. 37. 

18K. K. Landes: Op. cit. 

12 W., H. Twenhofel: Surface structures in western Kansas. Bull. Am. Assoc. Petrol. 
Geol., vol. 9, 1925, p. 1063 ; The geology and invertebrate paleontology of the Comanchean 
and “Dakota” formations of Kansas. Kansas Geol. Survey Bull. 9, 1924, p. 41. 

24. C. Tester: Informal communication. 
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Further evidence of the presence of buried Permian hills is shown in 
Figure 3. The logs of two wells, two miles apart in southeastern 
Mitchell County, are plotted in proper vertical positions relative to sea- 
level. Study of these sections shows that the Abercrombie test drilled 
through about 147 feet of material at the top of the Permian that is 
missing ‘in the Gurley section. A dip in the Permian strata of about 
25 feet per mile toward the Abercrombie well causes 50 feet of this extra 
thickness. The remaining 97 feet is the difference in elevation of the 
Permian surface at the two points. Evidently the Abercrombie well 
drilled into a buried hill the summit of which stands 97 feet above the 
Permian surface beneath the site of the Gurley well. 

Unfortunately, the exact structure of the surface rocks in the immediate 
vicinity of the Gurley well cannot be determined, as this well was drilled 
into the flood plain of Salt Creek. Probably the underlying rocks are 
structurally higher than those in the syncline which borders the “twins” 
on the east (figure 2). There is no evidence in the rocks north and 
south of the flood plain of an anticline at this point approaching in mag- 
nitude the dome on which the Abercrombie well was drilled. Conse- 
quently, it is impossible to assume that the unconformity between the Per- 
mian and the Cretaceous is solely one of erosion, and that the structure in 
the Permian rocks continues without break into the Cretaceous formations. 


DIFFERENTIAL COMPACTION OVER BURIED HILLS AND VALLEYS OR LENSES 
OF SANDSTONE 

The pressure of overlying rocks causes the compaction of shale. If shale 
surrounds a buried hill or a sandstone lens without the same strata con- 
tinuing over the top, compaction is differential, and the overlying rocks 
will be arched over the less compressible material. Folds of this type be- 
come sharper with depth. Thus, the Fairport anticline, thought by 
Rubey *! to have been formed chiefly by consolidation of sediments over a 
buried fault scarp, has dips about four times as steep on the Oswald horizon 
(lower Pennsylvanian) as at the surface.?? Factors involved in differen- 
tial compaction are height of buried hill or thickness of sandstone lens, 
percentage of shale in sediments surrounding (but not continuing over) 
the buried hill or sandstone Jens, maximum depth of burial, and height of 
key horizon above buried hill or sandstone lens. A closure table utilizing 


these data has been made by Athy.** 


21 W. W. Rubey and N. W. Bass: Op. cit. 

27. H. Allan and M. M. Valerius: Op. cit., p. 39. 

20, F. Athy: Density. porosity, and compaction of rocks. Bull. Am, Assoc. Petrol. 
Geol., vol. 14, 1930, p. 21. 
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The writers believe that differential compaction was of no importance in 
forming the sharp domes in Lincoln and southern Mitchell counties for 
the following reasons: (1) The shales in the Graneros and the Greenhorn 
formations carry across both the synclines and anticlines without any 
noticeable change in texture, so compaction of this material would not be 
differential in character; (2) although the texture of the rocks in the 
Dakota series is very inconsistent laterally, the best available data tend to 
show that the material deposited in the synclines (submarine valleys) is 
coarser than sediments deposited over the higher areas (figure 3). Conse- 
quently, compaction of the Dakota rocks in the synclines would not be as 
great as in the anticlines. 

Amounts of soluble rock are insufficient in the basal Cretaceous to 
have permitted compaction through removal of material by solution. 


CoNCLUSIONS 


The best explanation that the writers are able to suggest is that the 
pronounced domes in Lincoln and southern Mitchell counties owe their 
relatively steep dips to deposition conformable to the surface of Permian 
hills. Evidence for this is the disappearance of the folded structures 
below the base of the Cretaceous, the existence of an erosional uncon- 
formity between the Permian and the Cretaceous sediments, and the 
observation, in the field, of dips in the basal Dakota, conformable to the 
Permian surface. 

Prior to the Cretaceous (Comanchean) submergence the Permian 
surface in Lincoln and in Mitchell counties was maturely dissected, owing, 
perhaps, to recent uplift. The outcropping Permian rocks were eroded 
into gypsum-capped buttes and valleys. Outliers of the Medicine Lodge 
gypsum may be seen today, capping buttes in the Gypsum Hills area of 
Barber County in southern Kansas. Adjoining buttes in Mitchell and 
Lincoln counties naturally had approximately the same summit eleva- 
tions. This accounts for the fact that five out of six domes in one cluster 
in that area have the same top contour. Apparently the buttes in Lincoln 
and Mitchell counties composed an isolated group, for sharp domes are 
confined to this part of central Kansas. To the east the gypsum capping 
was eroded away, and the shale formed a rolling topography. The Permian 
strata dip westward; in that direction, therefore, the buttes decreased 
in height until they merged with the relatively smooth surface formed 
by the Medicine Lodge gypsum and higher Permian formations. 

Before this maturely dissected area could be base-leveled, it was sub- 
merged. Sinking must have been sufficiently rapid so that the hill tops 
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were covered with water before deposition filled up the valleys. With com- 
plete submergence of the Permian surface, the Cretaceous sediments began 
to deposit on both hill top and valley floor. At first the water was rela- 
tively shallow, and currents undoubtedly played an important part in the 
sedimentation. The water moved faster through the submarine valleys 
than above the ridges and hills, and therefore the coarser sediments were 
deposited on the flanks and bottoms of the valleys. By Greenhorn time 
the water was deeper and quieter, so that no more sand was deposited. In- 
stead, silts and clays settled out of suspension onto the irregular sea 
bottom. Also, calcium carbonate was deposited either by chemical pre- 
cipitation or by the activity of organisms. As the result of this sedi- 

mentation the strata conformed to the slope of the sea floor so that the 

topography of the Permian surface was continued upward, and pseudo- 

folds formed in the Cretaceous rocks. Undoubtedly, however, deposition 

(especially of the sands) was greater in the valleys, so that the topography 

and, consequently, the structure tended to flatten out as sedimentation 

continued. The sea was a quiet one, or wave action would have destroyed 

the hills. This quiet condition was due to the archipelago character of 

the area. By the close of Cretaceous time the Permian surface had been 

buried under a cover of sediment several hundred feet thick. Erosion 

has stripped off all but the lowest few hundred feet of Cretaceous rocks, 

and in the strata now at the surface the anticlines and synclines are quite 

prominent, although undoubtedly less so than they are immediately above 

the buried topography. If the increase in closure of 10 feet per 85, men- 

tioned in the first paragraph, is extrapolated downward, the relief of 

the basal Cretaceous strata in the vicinity of the Abercrombie well (where 

the surface structural relief is 130 feet) becomes 190 feet. 

It may be difficult to conceive how a thin but persistently uniform lime- 
stone bed or bentonite seam, such as occur in the Greenhorn formation, 
could be deposited on a sea floor with a 4-degree slope and a relief of 130 
feet without change in thickness or character between the top and bottom 
of the slope. But four degrees is much less than the angle of repose for 
such material, and the fact that such beds are uniform over hundreds of 
miles of outcrop shows that differences in depth of one or two hundred feet 
in the Upper Cretaceous sea had little or no effect upon the type of sedi- 
ment deposited. With the exception of the Comanchean and the Dakota 
sands, almost all the Cretaceous sediments in western Kansas were de- 
posited either from suspension or in solution. 

Another problem is presented by a ring of structural depressions sur- 
rounding the “twins” (figure 2). The existence of topographic basins 
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surrounding the Permian hills is unlikely, unless we postulate a karst 
topography. But this is also unlikely because the Medicine Lodge gypsum 
lies at the top of the buried hills. The Wellington salt does not extend 
so far east,** and limestones are scarce in the upper Permian. The writers 
suggest that the structural depressions are due to deposition of Cretaceous 
sediments conformable to the topography of the sea floor early in the 
period of submergence but after current activity had caused the building 
of spits and baymouth, looped and cuspate bars.*° Depressions are 
formed between such sand bodies and the original shoreline. 

Although major attention in this paper has been paid to the pronounced 
domes in Lincoln and southern Mitchell counties, the writers believe that 
the surface structure in central and northern Mitchell County, Osborne 
County, eastern Russell County, and adjoining areas is, likewise, largely 
controlled by Permian topography. 

The productive oil formations in central and western Kansas are older 
than the Cretaceous, so that the structures here described are valueless 
in oil prospecting. The detailed structure of the Pennsylvanian and older 
rocks in which oil may be expected to occur is still largely unknown in 
this area. 


2K. K. Landes: Op. cit., pl. 9. 
23D. W. Johnson: Shore Processes and Shoreline Development, 1919, Chap. 6. 
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INTRODUCTION 


Geology makes less use than other physical sciences of laboratory equip- 
ment to demonstrate the various phenomena commonly discussed in the 
classroom. Many teachers explain this lack of demonstration material by 
saying that few geologists have the engineering ability to design the neces- 
sary equipment. Others say that the geologist’s true laboratory is the out- 
of-doors and that a single field trip, properly conducted, is worth more than 
any amount of laboratory instruction. Still others insist that, although 
laboratory equipment in geology can readily be constructed, it is essentially 
worthless, inasmuch as static models can not arouse the average student’s 
interest; and further, that operative exhibits are misleading or useless 


1 Manuscript received by the Secretary of the Society, June 21, 1932. 
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either because of the general inability to handle properly the time element 
or because of difficulties inherent in the disparity of any scale employed 
in the models in comparison with that of the actual areas portrayed. 

These objections, although in part real, are not entirely valid. They 
have, however, found staunch support in university administrators who 
have welcomed the idea of a science department without expensive scien- 
tific equipment. Moreover, these objections, emanating largely from 
geologists themselves, are to some degree responsible for the stigma of 
the not wholly appropriate designation, “inexact science,” commonly ap- 
plied to geology. Furthermore, a great many universities are so located 
that suitable field trips are out of the question. Even in the most favored 
regions, one or more of the important geologic processes can not be demon- 
strated in the field. The net result is that many students never have had 
their interest quickened by the proper observation of the common geo- 
logic phenomena, either in the field or in the laboratory. A similar 
situation in the teaching of chemistry or physics is unthinkable. 

This general problem has previously received the attention of H. F. 
Cleland,’ who sent a questionnaire to a large number of Fellows of the 
Geological Society of America to ascertain what demonstration material 
actually was in use. The replies indicated not only a lack of operative 
physical equipment even in the larger universities and museums, but a 
dearth of interest where it might a priori have been expected. An oppor- 
tunity to remedy partially these deficiencies presented itself in connection 
with the preparation of exhibits for the geology sequence at the Chicago 
Museum of Science and Industry. Some of the geologic plans of this 
institution, outlined to the Society at the Tulsa meeting, have since 
materialized. The apparatus built has been used for laboratory purposes 
in the new physical sciences general course of the University of Chicago. 
The large amount of interest aroused leads us to believe that it may 
profitably be more widely employed. Accordingly, we are here describing 
the stream table and the pressure box. 

Plans also have been largely completed for many other operating ex- 
hibits, but this equipment will not be described until it is in operation, 
and the public reaction evaluated. Furthermore, this paper is limited in 
scope to descriptions of apparatus, materials, and methods. The scientific 
results of detailed experiments will be reported later. 


2H. F. Cleland: Demonstration material in geology. Bull. Geol. Soc. Am., vol. 33, 
1922, pp. 56-85. 
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£t-eam Table complete and during Construction 


Figure 1 is a photograph of the apparatus as finally assembled. Figure 2 shows the 
belt control mechanism before its insertion into the erosional tank. Figure 3 portrays 
the erosional tanks with one belt partially laid back to reveal the rocker arms. Figure 4 
shows the depositional tank gears which carry its deformable false bottom (seen during 
construction ). 
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STREAM TABLE 


GENERAL STATEMENT 


Stream tables have been installed in the geological departments of a 
few larger American universities. Among the schools using this type of 
equipment, Cornell University and the universities of Wisconsin and 
Iowa have been leaders. In addition, there are hydraulic: laboratories in 
the larger European cities, and a few have been set up in the United States,° 
In most of the laboratories of this latter type there are relatively large 
stream channels, used primarily for the study of river control. Therefore, 
although this equipment might, in a sense, be regarded as of the stream 
table type, it, nevertheless, has not been designed for, nor is it usable as, 
true geologic stream table apparatus. 

In all these devices for studying the action of running water, however, 
there has been little or no provision for deforming the land surface while 
the streams are eroding. In developing the plans for the stream table 
here described, an effort was made to design an apparatus by which it 
would be possible to demonstrate graphically the various effects of dias- 
trophism on streams and their courses. 


DETAILS OF CONSTRUCTION 


The completed stream table has the shape of a letter “U,” the basin of 
deposition forming the base and the two erosional areas making up the 
arms. The open space between the erosional troughs permits the attend- 
ant to have ready access to both areas; and the two regions offer some 
advantages over one, in that they make it possible to contrast one type of 
erosional area with another. 

The basin of deposition has a false bottom made of a steel sheet, hinged 
at the middle along its line of greatest length, and supported on the flanged 
upper ends of six screws controlled from below. Thus it is possible to 
deform the depositional area in a great variety of ways. A rubber apron, 
attached to the edge of the false bottom, prevents most of the sediment 
from washing in below it. The erosional tanks were built with a false 
bottom of heavy rubber belting supported on a series of rocker arms. The 
belt can be lowered or elevated by turning screws concealed in the space 
between the outer wall of the tank and the wall of the inner tank. The 
belt itself is lengthened or shortened by a chain device on the last rocker 
arm. A broad molding, hinged to the top of the tank, conceals most of the 
mechanism when it is not in use. 


3J.R. Freeman (ed.) : Hydraulic Laboratory Practices. American Society of Mechani- 
cal Engineers, New York, 1929. 
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The sprinkling device consists of an iron pipe with a series of fine spray 
nozzles arranged alternately on either side, each nozzle having its own 
valve. One of these pipes is suspended above the middle of each erosional 
area in such a fashion that it can be elevated or depressed to the desired 
height. In addition, there are three, small, water tubes used to simulate 
the flow of springs. The level of water in the apparatus as a whole is 
controlled by a large intake and by a series of telescoping pipes of different 
lengths at the outlet in the basin of deposition. Rapid overflow is in part 
facilitated by an electric pump, and artificial waves are made by a blower, 
powered by a high-speed vacuum-cleaner motor. 


DETAILS OF OPERATION 


The type of sediment used in the stream table in a large measure deter- 
mines the efficiency of its operation. If very fine-grained clays are used, 
they compact in such a way that erosion is at too slow a rate for ordinary 
demonstration purposes. Capillarity is so pronounced when the various 
grades of sand are used that the appearance of the exhibit is ruined, even 
though good erosional and depositional effects can be obtained with this 
material. Relatively fine-grained glacial till erodes rapidly and stands up 
well, but the coarser materials in the till are objectionable. Loess and 
lake silts may be used with considerable success, but in the main they do 
not erode rapidly enough to hold the attention of the average student. 

It is desirable to use sediments that will stand up in steep cliffs, in 
which capillarity is not marked, and in which the size of grain is so small 
that there is not too great a disparity in the relative size of grain of the 
material on the table and that in the actual area which is being simulated. 
The latter is, in the main, impossible, inasmuch as a certain coarseness of 
grain, as well as considerable range in the size of particles, is needed to 
make the erosional action rapid enough for short laboratory demonstration. 

In the operation of the stream table an artificial basin of clay may be 
molded in the depositional district and from four to eight inches of ma- 
terial piled on the deformable belt in each erosional area. From this point 
on, it is possible to develop normal stream patterns simply by permitting 
the spray to fall in simulation of rain. Better results, however, can be 
obtained, and with much greater speed, if the river channels are at least 
started artificially. In the erosional areas, streams may be ponded, new 
channels carved, benches made, canyons developed, and braided streams 
formed, all in the space of a few minutes, simply by changing the level of 
the belt. This is particularly true if relatively coarse sediments are 
used, Even better results of the same type, however, may be obtained with 
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Stream Table Demonstration of Delta Formetion 


Figure 1 is a photograph of a delta in the process of formation. Figure 2 
shows the characteristic delta shape as revealed by lowering the water level 
in the basin of deposition and by shutting off the stream’s water supply. 
Figure 3 shows stream incision of the delta resulting from a relative elevation 
of the land area. 
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fine-grained sediments, but the time necessary is correspondingly greater, 
and the demonstration may require too much time for laboratory purposes. 

The materials carried to the basin of deposition are deposited in the 
form of deltas, the shape of which may be seen at once either by elevating 
the deformable false bottom in the basin of deposition or by lowering the 
water-level in that area. By turning off the water of the “spring fed” 
streams and in the sprays as well while the water-level is being jowered in 
the basin, it is possible to obtain the delta form unmodified. If, however, 
the streams are permitted to run while the false bottom is being elevated 
or the water-level lowered, it is possible to achieve beautiful stream incision 
of the deltas. The shapes of the deposits may be altered and shore 
features developed by running the blower described above. 

Furthermore, by placing an obstruction at one side of the point of 
stream debouchure, it is possible to localize the deposition against the 
outer glass wall of the tank and thus form a cross-section showing the 
structure of the delta. This becomes particularly apparent if different 
sized and different colored materials are used. 

This table has been used in the physical sciences general course at the 
University of Chicago and was received enthusiastically. It was available 
for individual study throughout the day, and, without compulsion, was 
used in this fashion by a large number of students. The total cost of this 
machine, including charges for design and installation, was in the neigh- 
borhood of $3,000. Now that the experimental work has been completed, 
it would probably be possible to construct a somewhat better apparatus for 
slightly less than two-thirds of that cost. 

PRESSURE Box 
GENERAL STATEMENT 

For many years geologists have used various machines to duplicate in 
miniature some of the major structural features of the earth’s crust. Sir 
James Hall devised a simple machine in which cloths of various texture 


4H. M. Cadell: Experimental researches for mountain building. Trans. Roy. Soc. Edin- 
burgh, vol. 35, 1890, pp. 335-357. 

5 Bailey Willis: U..S. Geol. Survey, 13th Ann. Rept., Pt. II, 1893, pp. 211-282. 

6R. T. Chamberlin and F. P. Shepard: “Some Experiments in Folding.” Jour. Geol., 
vol. 31, no. 6, Sept.-Oct., 1923, pp. 490-512. R. T. Chamberlin and T. A. Link: ‘The 
Theory of Laterally Spreading Batholiths.” Jour. Geol., vol. 55, no. 4, May-June, 1927, 
pp. 819-352. T. A. Link: “The Origin and Significance of ‘Epi-Anticlinal’ Faults as Re- 
vealed by Experiments.’ Am. Assoc. Pet. Geol., Bull., vol. 11, no. 4, Aug., 1927, pp. 
853-866. T. A. Link: “Relationship between Over- and Under-thrusting as Revealed by 
Experiments.” Am. Assoc. Pet. Geol., Bull., vol. 12, no. 8, Aug., 1928, pp. 825-854, 952. 
T. A. Link: “Experiments Relating to Saltdome Structures” (with discussion). Am. 
Assoc. Pet. Geol., Bull., vol. 14, no. 4, April, 1930, pp. 483-508. R. T. Chamberlin and 
J. T. Richards: “Preliminary Report on Experiments Relating to Continental Deforma- 
tion” (abstract). Science, vol. 47, 1918, p. 492. W. H. Bucher: “Further Experiments 
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were employed to simulate strata, and Cadell,* Willis,5 and Chamberlin 
and Link ® have used more complicated compression machines. 

Recently, English and Japanese workers have been fairly successful in 
reproducing Asiatic folds by means of tissue paper. Most of these devices 
and machines, however, have been of the makeshift type. The pressure 
box describea below has the obvious advantages of detailed engineering 
design, solidity of construction, and versatility of use. 


DETAILS OF CONSTRUCTION 


The pressure box is supported on a heavy cast-iron frame, 62 inches long 
and 24 inches wide at the bottom. It is tapered to a width of 14 inches at 
its top, which is 25 inches above the floor. (See figure 1.) The overall 
dimensions of the cast-iron compression chamber are 74 by 13 by 15 inches. 
Above the chamber rests a removable, cast-iron hopper, 28 inches long, 
8 inches wide, and 10 inches high. At each end of the chamber there is a 
wooden piston faced with a cast-iron plate. The pistons are 16 inches 
long, 8 inches wide, and 14 inches high, and may be moved 12 inches by 
15-inch steel screws turned by 24-inch handles. There are also two auxil- 
iary differential pistons capable of being pivoted either at the top or at 
the bottom. The front of the compression chamber, whose maximum 
cubic content is approximately 3,600 cubic inches, is made of plate glass, 
one inch thick, reinforced and rubber-insulated. 

In addition, the pressure box is fitted with an attachment which enables 
grease to be injected from an electric alemite gun through one of several 
differently shaped slots which can be inserted in the floor of the box. A 
special false bottom has been provided to facilitate these injection experi- 
ments, and a solid false bottom is used in the duplication of ordinary 
compression phenomena. When the experiments are completed, two simul- 
taneously operated screw jacks installed beneath the box (figure 1) permit 
the wax models to be lifted unbroken on the false bottoms from the com- 
pression chamber. 

DETAILS AND MATERIALS OF OPERATION 

Materials in general—lIt is assumed that the phenomena produced in 
the pressure box occur in a similar manner in nature at considerable 
depths under conditions of great pressure and increased temperature. The 


on the Fracturing of Hollow Brittle Spheres and Their Bearing on Major Diastrophism” 
_(abstract with discussion by W. H. Hobbs). Geol. Soc. Amer., Bull., vol. 34, no. 1, 
March 30, 1923, pp. 81, 82. W. H. Hobbs: “Apparatus for Instruction in Geography and 
Structural Geology.” Scottish Geogr. Mag., vol. 24, 1908, pp. 643-652 ; School Science 
and Mathematics, vol.. 8, 1908, pp. 566-570, 662-668; and vol. 9, 1909, pp. 644-653. 
W. Paulcke: “Uber tektonische Experimente.” Inter. Geol. Cong., XII, 1913, Compte 
Rendu, 1914, pp. 835-841. 
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rock layers to be folded are simulated by various waxes. The weight of 
the overlying formations is represented by lead shot, and the natural 
pressures are simulated by movement of the pistons. Igneous intrusions 
may, with a little difficulty, be made to simulate batholiths, laccoliths, 
dikes, and sills. 

Materials for artificial strata.—In the fabrication of the artificial rock 
layers, four main types of material may conveniently be used as the base— 


FIGURE 1.—Pressure Box 
Complete assembly showing electrically driven Alemite equipment used for simulating 
intrusions. 
namely, grease, asphalt, paraffin, and beeswax. In addition, various other 
substances may be added to achieve variety in hardness and in color. 

The Standard Oil Company of Indiana prepares a grease with a melting 
point of about 200° F., which is very stiff at room temperatures. This 
promises to give very satisfactory results. Several varieties of Standard 
Oil Parolite and Korite asphalts also have been tried. Inasmuch as the 
properties of these substances are definitely known, these asphalts promise 
to be of value in experiments of the more quantitative type. The general 
specifications of the materials used are given in the following table: 
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Tare 1.—General Specifications for Parolites and Korites 


Parolite | Parolite i Korite 1 ; 
Grade medium | hard special 
Penetration at 77°F.............. 11-15 5-9 30-40 | 25-35 | 16-21 
Penetration at 32°F.-N.L.T....... 6 3 18 17 10 
Penetration at 115°F.-N.M.T...... 30 18 70 55 35 
Melting point (B. and R.) °F..... 190-200 | 210-220 | 175-185 | 190-200 | 225-235 
Specific gravity at 60°F.-N.L.T..../ 1.00 1.00 1.00 1.00 1.00 
Flash 450 460 500 500 500 
5 hr. loss at 325°F. %-N.M.T..... 0.2 0.2 0.1 0.1 0.1 
Solubility in CS.-%-N.L.T....... 99.0 99.0 99.0 99.0 99.0 


All tests A. S. T. M. standard. 

N. L. T.—Not less than. 

N. M. T.—Not more than. 

Other advantages of these asphalts include cheapness of materials and 
ready availability as standard products. In most of the experiments, how- 
ever, the asphalt tended to adhere to the plate glass, thus preventing good 
photographic conditions. This difficulty can, in part, be overcome by 
treating the layer with graphite or talcum powder, but in the melting of 
the asphalt for casting layers with ordinary equipment, additional diffi- 
culty will be experienced in preventing a part of the substance from con- 
gealing. 

High melting point paraffins also are satisfactory for making artificial 
strata, but they are similar to beeswax in behavior and generally more 
expensive. Beeswax is probably the most satisfactory material for use in 
the pressure box, for it is easy to melt and cast, can be variously colored, 
is relatively cheap, may readily be mixed with other substances to vary its 
hardness, and may be used again and again. Sand and plaster of Paris 
may be used to harden the wax. To soften the layers, venice turpentine 
and petrolatum may be used. The later is inexpensive and satisfactory. 
Both mineral pigments and oil soluble dyes may be employed to color the 
wax strata; but because of difficulties in mixing, the mineral pigments are 
not satisfactory in all cases. Lamp black, burnt umber, venetian red, 
golden ochre, and ultra blue may be used. 

Materials for intrusions.—Petrolatum is readily forced into the layers 
by the alemite gun, but it is not stiff enough to support the overlying 
strata when the model is removed from the box. Standard Oil of Indiana’s 
No. 5 Arctic grease may be injected with the motor-driven alemite gun 
No. 5149, which has a 16-pound capacity and exerts a pressure of over 21 
pounds per square inch. The grease may be colored variously in order to 
increase visibility. We hope eventually to inject this grease hot, but the 
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mechanical difficulties will make this an expensive experiment. We fur- 
ther propose to use white lead, fibrous lubricants, and liquids which will 
solidify after injection. 

Overburden.—The overburden may be effectively simulated by using a 
thick layer of sand in which are embedded several hundred iron rollers, 
one inch in diameter and seven and one-half inches long, each weighing 
about two pounds. These materials have the obvious advantage of being 
easy to handle, and they also give a more natural appearance to the over- 
burden than do other substances. The friction produced by the com- 
paction of the sand and the movement of the rollers, however, may cause 
the glass front to splinter. For this reason, loose .22-inch lead shot are, 
for most purposes, more satisfactory. 

We also plan eventually to use an enclosed air bladder above the layers 
to transmit the load so as to simulate the downward pressure, and to 
experiment with a mercury base for the artificial underlying strata in 
order to do away with the unnaturalness of the present solid base. 

Methods of casting layers—Inasmuch as the success of pressure-box ex- 
periments depends, to a great extent, upon the type of layers used, we have 
devoted considerable time to the development of a rapid and ‘inexpensive 
method of casting satisfactory artificial strata. The method of direct 
casting of layers in the pressure box, although rapid, is inadvisable, since 
the invariable result is the spattering of the glass front and the partial 
remelting of the next lower layer. Consequently, regular casting equip- 
ment would be required. 

After a number of experiments, the following methods proved to be most 
satisfactory. A mold is made with a frame, three inches high, fastened 
to a board by wood screws, and the desired quantity of liquid wax is poured 
in. By removing the bottom from the frame first and prying the frame 
from the hardened wax, the board is removed without much difficulty. 
Removing the wax from the frame can also be accomplished by unscrewing 
the sides and tapping with a hammer, by breaking the wax away from 
the sides with a putty knife, or by heating an ordinary knife and drawing 
it along the sides. Another method is to use U-shaped clamps and iron 
wedges in place of the screws, and a single sheet of .006-inch plain silver 
sheet aluminum on the bottom of the mold. Some difficulty may be ex- 
perienced if the sheets are not of the right dimensions, but the foil usually 
can be purchased in rolls of the required width. The wax may be removed 
from the molds when still warm and plastic, but since the aluminum 
sheets readily peel away from the cold wax, it is better to let it harden 


before removal. 
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A still more convenient method, suggested by H. W. Candy, is that of 
casting the wax, just before it solidifies, into pasteboard boxes lined with 
wax paper. The boxes are constructed already lined and of the required 
dimensions, so that an absolutely even thickness for each layer is provided. 
The mold then becomes the packing box. When the wax is used the box 
is broken apart and thrown away as the cost of these containers is not 
more than $10 per thousand. The layers, stripped of the wax paper, are 
set with great care into the pressure box, one by one, and the pistons drawn 
up snug against the ends of the model. The lead shot is then poured into 
the box and the experiment is ready to be started. 

If the alemite gun is to be used, the nozzle is attached firmly and the 
grease applied, either with or without the action of the pistons, as the 
experiment may require. The time involved and the amount of material 
used are essential criteria to record. In the movement of the pistons, not 
only the time but the amount of movement in each operation is recorded 
by the scale, and a record of the development of the structure is recorded 
by sketch or photograph at each critical position. The structural models 
must be taken from the box with great care. After the removal of the 
overburden, the pistons are withdrawn, and the false bottom with the model 
is jacked out of the box. If grease has been used the model is inclined to 
sag considerably, and this must be watched and prevented as much as possi- 
ble. After the model has been removed, it may be preserved at low 
temperatures with no further treatment, but if it is desired to keep it 
any length of time, a heavy coat of shellac should be sprayed on the wax. 


USES OF PRESSURE BOX 


Research.—A number of important research problems may be carried 
on with the pressure box. These include the study of: (1) conditions 
required for the reproduction of typical folds and faults; (2) relation of 
the overburden to structure; (3) relation of the nature of the layers to 
structure; (4) relation to the amount and kinds of pressure applied to 
structural effects; (5) measurement of the amount of thickening and 
thinning of beds under various pressure conditions; (6) igneous intru- 
sions, such as batholiths, laccoliths, sills, and dikes ; and (7) miscellaneous 
structural problems. 

Laboratory or popular demonstration—The machine described above 
may be used with sponge rubber layers in place of wax in order repeatedly 
to produce typical folds. Many experiments have been run on this prin- 
ciple, with marked success. For popular demonstration, however, a small 
compression machine has also been designed. This is set on a table and 
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Results of Pressure Box Experiments 


Figures 1-3 show folds made with sponge rubber, the pressure being applied from the 
right. Figures 4-5 are typical of results obtained by advancing both pistons. Figures 6-10 
show a sequence resulting from the use of differential pistons. The uppermost layer is 
sponge rubber. 
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Results of Pressure Box Experiments 


Figures 1-4 show development of two anticlines and a thrust fault as a result of pressure 
applied from the left and intrusion of grease from below. Figure 5 represents a laccolithic 
dome formed solely by the intrusion of grease. Figures 6-8 show shot used both for sub- 
stratum and overburden. The thin upper layer is sponge rubber. 
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PRESSURE BOX dal 


so geared that a visitor or student may push one or both levers and watch 
the resulting folds in the sponge rubber layers. (See figure 2.) This 
apparatus supplements the pressure box. The entire exhibit may easily 


Ficure 2.—Folding Machine 
Sponge rubber layers are deformed into a variety of anticlinal and synclinal effects by 
exerting pressure on one or both of the levers. 

be expanded by adding wax structural models, previously constructed, and 
photographs of natural structures of geologic cross-sections which they 
closely resemble. 

A pressure box of the type described above may be built for somewhat 
less than $800 ; the folding machine can be constructed for less than $125. 
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INTRODUCTION 


Many years ago, while engaged in field work in western Pennsylvania 
and eastern Ohio, the writer became interested in the geomorphic features 
there displayed and, after considerable study, became satisfied of the 
presence, some distance below the highest points in the landscape, of 
rather extensive remnants of a peneplain which, in all probability, was 
much younger than the Schooley (Kittatinny) peneplain that Davis and 
Wood ? had recognized farther east and described a few years previously, 
but he found no reliable data for a more accurate determination of its age. 
At that time little or no geomorphic work had been done in the western 
part of the State—Davis’s activities having been largely confined to the 
region east of the Allegheny Front and to the northern part of New Jer- 
sey—and no one had attempted to correlate the surface features east of 
the Allegheny Front with those in the coal field west of Chestnut Ridge, 
except what Hayes and the writer * had done in 1894, but this work was, 
in places, of the crudest sort, being based upon inaccurate contour maps 


1 Manuscript received by the Secretary of the Society, November 21, 1932. 
2W. M. Davis and J. W. Wood, Jr.: The geographic development of northern New 
Jersey. Boston Soc. Nat. Hist., vol. 24, 1890, pp. 365-432. 
3M. R. Campbell (with C. W. Hayes) : Geomorphology of the southern Appalachians. 
Nat. Geog. Mag., vol. 6, 1894, pp. 63-126. 
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and, in areas where maps were not available, upon very little personal 
knowledge of the region. 

The writer assumed that if the partial peneplain, with which he was 
familiar in the Pittsburgh district, could be connected directly with the 
area described by Davis east of the Allegheny Front, all questions regard- 
ing its age would be settled, but the physical barrier lying between the 
two areas effectually prohibited direct tracing, and other means of corre- 
lating the features of the southwestern corner of the State with those of 
the Harrisburg region would have to be devised. He then conceived the 
idea of tracing the peneplain of the Pittsburgh district northward into 
southern New York, where he had already identified one of wide extent 
on rocks having only a moderate degree of resistance to weathering, the 
conditions being in some respects very similar to those which prevail in 
the vicinity of Pittsburgh. Because of this similarity, it seemed highly 
probable that these peneplain fragments were originally parts of one gen- 
eral surface which was well developed where the rocks were weak, and 
only slightly, or not at all, developed where the rocks had considerable 
resistance to erosion. With this as a key, and by the aid of many good 
contour maps, the peneplain remnants of southwestern Pennsylvania 
were traced northward and correlated in a fairly satisfactory manner with 
similar features in the vicinity of Salamanca and Olean,* New York. 

From southwestern New York the tracing of this peneplain was carrie: 
eastward and southward, around the rather high land marking the axial 
portion of the Appalachians, and thence to Harrisburg, where it was sup- 
posed that no difficulty would be encountered in connecting with areal 
work done by Davis, or at least in correlating with some of the peneplains 
which he had recognized in the eastern part of that State or in New Jersey. 
Unfortunately, at that time the writer was only slightly familiar with 
much of the territory covered, and this ignorance, together with a lack 
of contour maps in certain areas, made the tracing somewhat unsatis- 
factory but seemingly the best that could be done under the circumstances. 
The result of the work was disappointing in.that the surface which the 
writer had followed with considerable certainty did not seem to agree 
with any surface that Davis had described in the eastern region. The 
Schooley (Kittatinny) peneplain originally connecting, as generally sup- 
posed, the crests of the quartzite ridges in the belt of folded rocks, lay 
far above it; the surface designated by Davis as the “Tertiary baselevel 
lowland” was so indefinite that correlation with it was impossible; and 


4M. R. Campbell : Geographic development of northern Pennsylvania and southern New 
York. Bull. Geol. Soc. Am., vol. 14, 1903, pp. 277-296. 
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the Somerville plain had not been extended beyond the confines of New 
Jersey. Because of these conditions, the main purpose of the writer—the 
tying of the peneplain the remnants of which he had found about Pitts- 
burgh with those described by Davis—was a failure, but in other respects 
the work yielded data which now appear to be of considerable value. 

The principal result in 1903, and the one that seems to be of far-reaching 
importance in unraveling the Tertiary history of the northern Appa- 
lachians, was the recognition of a partial cycle of erosion that produced on 
relatively weak rocks a well-developed plain, which the writer then named 
the Harrisburg peneplain. He recognized this surface in several localities 
in eastern Pennsylvania, Maryland, and West Virginia, and he was rela- 
tively certain that it could be found on the weak rocks constituting the 
shale-slate belt on the northwest side of the Shenandoah-Cumberland Val- 
ley at the base of the Blue, or Kittatinny, Mountain. He was puzzled about 
its altitude at Harrisburg, but, thinking that it was the only plain de- 
veloped there, he decided that it was unnecessary to study the belt care- 
fully and assumed that the top of the bluff on the east side of the river at 
Harrisburg, which is about 500 feet above sea-level, marked the position 
of the peneplain. 

Many attempts have been made by other workers to harmonize the 
writer’s description of this peneplain at the type locality with similar 
forms in the Piedmont region southeast of Harrisburg, but without suc- 
cess, and some have concluded that the peneplain here being considered 
must lie at a higher altitude in the type locality than that assigned to it 
by the writer. Recently he has had opportunity to study the surface 
features in and about Harrisburg, as well as in other localities in the 
Cumberland and Shenandoah valleys, and he is free to confess that, owing 
to the development of later berms * along the Susquehanna River, the so- 
called Harrisburg peneplain is there eroded and can not be identified, as 
such, in the immediate vicinity of the city, and consequently, the name, 
“Harrisburg,” is not appropriate for this important geomorphic feature. 

Although the writer, in his original paper, failed to establish the Harris- 
burg peneplain as a recognizable feature at or near Harrisburg, he 
described two excellent exposures of it to the southwest—one at Chambers- 


5 This term was recently introduced by Bascom, as shown by the following quotation : 

“It is suggested that this term be given a geomorphic usage; it should be used to dis- 
tinguish those terraces which originate from the interruption of an erosion cycle with 
rejuvenation of a stream in the mature stage of its development. Dissection, following 
upon elevation of the land, will leave remnants of the earlier broad valley floor of the 
rejuvenated stream as a terrace, or berm, and remnants of the uplifted abrasion plat- 
form as a seaward-facing terrace, or berm.” Florence Bascom: Geomorphic nomenclature. 
Science, vol. 74, 1931, pp. 172, 173. 
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burg, Pennsylvania, and the other on both sides of the Potomac River above 
the Shenandoah Valley. The peneplain remnant back of Chambersburg 
is one of the finest and best-preserved that it has been the writer’s good 
fortune to see. More recently it has been described by Stose, as follows: ® 
“The best preserved remnant of the [Harrisburg] peneplain is the shale 
plateau west of Chambersburg. It is a very level tract from 1 to 3 miles 
wide and extends 8 miles into the Chambersburg quadrangle. It rises 150 
feet above the flat along the Conococheague and maintains an elevation of 
750 feet throughout its length except at the margins, where it has been 
terraced at lower elevations.” The same author, in collaboration with 
Swartz, also described this peneplain as it is developed on both sides of the 
Potomac River in Maryland and West Virginia, in essentially the same 
terms that were used in the description of the Chambersburg locality, 
except that along the Potomac it truncates the outcrops of a variety of 
rocks which are tilted in various directions and folded into structures 
varying in magnitude from those that include only a few feet of rocky 
strata to others that are composed of rocks having a thickness of several 
thousand feet ; with the result that its surface on the weaker rocks, when 
viewed from a distance, appears to be a flat plain above which stand the 
sharp ridges of the more resistant sandstones and quartzites. Their de- 
scription is as follows:* “The best preserved erosion plain in this area 
forms the floor of the intermontane areas, into which the present stream 
channels are deeply incised. It ranges from more than 1000 feet elevation 
at the western border of the Pawpaw quadrangle to 700 feet at the eastern 
margin of the Hancock quadrangle.” 


CHANGE OF NAME PROPOSED 


From the statements quoted above it is evident that there are at least 
three localities east of the Allegheny Front which should be carefully 
considered in any study of this peneplain, as to both its character and 
its name. In the original choice of a name the writer was influenced 
largely by the prominence of the city of Harrisburg and of the geomorphic 
section along the Susquehanna River. Although this action has been 
deeply regretted, the writer has hesitated to suggest changing a name so 
well entrenched in the literature—a change that doubtless would cause 
considerable confusion. The recent detailed studies, however, have made 
it obvious that the retention of the name, Harrisburg, will, in the end, 


®G. W. Stose: Mercersburg-Chambersburg folio, Atlas of the United States, No. 170, 


1909. 
7G. W. Stose and C. K. Swartz: Pawpaw-Hancock folio, Geologic Atlas of the United 


States, No. 179, 1912. 
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result in much greater confusion and probably will tend to throw doubt 
upon the validity of the peneplain itself as well as upon its name. In 
view of the various misunderstandings that have occurred and that are i 
likely to develop in the future through the retention of the name, the i 
writer hereby announces that he has definitely abandoned the term, Har- 
risburg, for this peneplain and has substituted therefor the name, Cham- 
bersburg, from the town of that name in Franklin County, Pennsylvania. 

When the original work was done, which served as a basis for the selec- 
tion of Harrisburg as the type locality, the importance of great accuracy 
in geomorphic matters was not felt, and one locality seemed almost as 
appropriate as another ; but with the refinements in methods of work and 
the more critical differentiation of surface features, it is imperative that 
the type locality of any given geomorphic feature should show that feature 
in such a manner that its character, as well as its position, can be accurately 
determined. Chambersburg fulfills these requirements, as far as the 
peneplain at an altitude of 750 feet is concerned, in an almost ideal 
manner. 

The change of name from Harrisburg to Chambersburg for the most 
obvious geomorphic feature. east of the Allegheny Front is desirable at 
this time, because areal work of a detailed character is now being carried 
on by the writer in the Piedmont Plateau, which has already resulted in 
the recognition of two other partial peneplains or berms of later date than 
the Chambersburg. The recognition of this group of erosion surfaces 
brings the geomorphic history forward to about the close of the Tertiary 
period, and extends our knowledge regarding the age and the origin of 
surface features at least as far to the southeast as the Fall Belt. 


BERM-GRAVEL THE KEY TO THE SITUATION 


Although the known presence of a peneplain at Chambersburg and along 
the Potomac River above the Shenandoah Valley has been of great value 
in geomorphic studies, the most important event has been the recent 
development of criteria by which this and similar features may be traced 
southeastward to the Fall Belt and possibly, in certain cases, to the shore 
of the Atlantic Ocean. This criterion consists of river-deposited gravel on 
the berms of the larger streams. 

As shown by the writer in a previous paper,’ gravel may be deposited 
by any stream throughout that part of the cycle of erosion which extends 
from infancy to late maturity, but, until a stream reaches maturity, the 


8M. R. Campell: Geomorphic value of river gravel. Bull. Geol. Soc. Am., vol. 40, 1929, 
pp. 515-532. 
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gravel deposited by it lies mostly in its channel and, upon rejuvenation 
of the stream by uplift, is swept away, no recognizable features, except 
possibly cut-off meanders, being left to mark its former presence and 
position. On the other hand, gravel deposited during maturity, and pos- 
sibly in the early stages of old age, is in the form of a floodplain of greater 
or less width, and when the stream is rejuvenated, some of this gravel 
probably will be preserved as a record of the event. As mature conditions 
generally prevail simultaneously throughout long stretches of a large 
river, the occurrence of more or less continuous deposits of gravel at nearly 
the same altitude may be regarded as marking a berm or, in other words, 
as remnants of an old and abandoned floodplain. If the movement has 
been one of upwarping, the old berm will be bowed up in a more or less 
pronounced curve, but if it is a downwarp, the berm will sag under its 
influence, whereas the profile of the present stream may be approximately 
straight. 

The writer began his studies of the berm-gravels along the Potomac 
River, but owing to a marked discordance in altitude, the work was given 
up temporarily. The solution of this problem came through the coopera- 
tion of Dr. George H. Ashley, State Geologist of Pennsylvania, who, 
becoming interested in the question, arranged for a careful study of 
gravels along the Susquehanna and the Schuylkill rivers. Along the 
Susquehanna two distinct berms, seemingly representing the same cycles 
of erosion as those along the Potomac, were identified, and, as a matter 
of convenience, in this general region they will be called by the same 
names as the gravels which rest upon them. Thus, the uppermost berm 
is called Bryn Mawr, because that name has long been applied to gravel 
that rests upon it at the town of Bryn Mawr, a few miles northwest of 
Philadelphia; and the term, Shepherdstown, is here proposed for the 
gravel-covered berm that, in this region, lies normally 100 feet below 
the Bryn Mawr, and is well developed at Shepherdstown, West Virginia, 
in the Shenandoah Valley. 

Figure 1 shows the profiles of these gravel-covered berms; that of the 
Susquehanna extending from the Fall Belt to Harrisburg, and that of the 
Schuylkill, from the river’s mouth to Reading, Pennsylvania. The Bryn 
Mawr gravel is well developed on both sides of the Susquehanna River 
mouth at an elevation of 400 feet. From this point the berm, with its 
accompanying gravel, extends continuously up the river on the northeast 
side for a distance of four miles to the old Baltimore and Philadelphia 
turnpike, where its altitude is 460 feet. Beyond this point the under- 
lying rock is mica schist which is readily affected by the weather, and as a 


* 
th 
i 
9 


BERM-GRAVEL THE KEY TO THE SITUATION 


2 
= 2 
2 ry 
3s > 2 = = 
E > 2 85 > = c 
x 
FEET & = = Ya » fa) 
80052 5 2 6 = tte = 8 
= a 
° 
E 
Brandywine gravel = 
SUSQUEHANNA RIVER 
© £ 3 £ 
= 3 | 


7 


POTOMAC RIVER 
$s 10 20 MILES 


Figure 1.—Profiles of three Rivers of the northern Appalachian Piedmont Region, showing Deformation of gravel-corered Berms 
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consequence the surface has been reduced below the normal position of the 
Bryn Mawr berm and the gravel, which, if it were once deposited, has 
been removed by erosion. This condition extends for a distance of about 
10 miles to a high point near the boundary line between Maryland and 
Pennsylvania, where it is capped by a thick deposit of gravel at an altitude 
of 500 feet. From this exposure the Bryn Mawr gravel rises steadily, as 
shown by several remnants on both sides of the river, to a maximum height 
of 660 feet at Safe Harbor, at the mouth of Conestoga Creek. 

These figures show that the rise of the gravel from the mouth of the 
river to Safe Harbor is 120 feet greater than the present gradient of the 
river, and since the berm could not have been cut by the river and covered 
with gravel unless the slope was very much less than that of the present 
stream, it follows that after the formation of the Bryn Mawr berm the 
surface of this region was deformed by an upward crustal movement that 
reached a maximum of about 250 feet at Safe Harbor, which seems to be 
located on the axis of the fold. This is fully confirmed by the descent 
of the gravel upstream from an altitude of 660 feet at Safe Harbor to 630 
feet at Turkey Hill, 600 feet at Washingtonboro, 560 feet at Wrightsville, 
and 500 feet at the mouth of Cordorus Creek. This upwarp is clearly 
shown in the profile given in Figure 1. Above Cordorus Creek the gravel 
rises slowly to 520 feet at Harrisburg, as shown by a small deposit on the 
summit of the bluff on the east side of the river. It is true that in the 
stretch of the river from Safe Harbor to Harrisburg there are other 
deposits of river gravel on the upland, the most conspicuous of which is 
one on the north face of the Hellam Hills, three miles west of Highmount, 
at an altitude of about 750 feet. It has been urged that this deposit of 
gravel is positive evidence of an older and higher peneplain or of the con- 
tinued rise of the Bryn Mawr berm northwest of Safe Harbor. The 
writer has found no evidence in support of either hypothesis, and he 
regards this gravel on the slope of the Hellam Hills as merely an acci- 
dental deposit by the river in an early stage of an erosion cycle.® 

As the bowing-up of the Bryn Mawr berm at Safe Harbor is at variance 
with the results obtained by other workers in this field, it was deemed 
necessary to trace, if possible, the Shepherdstown gravel throughout the 
river gorge to determine whether or not it was similarly affected. This 
gravel, lying normally about 100 feet below the Bryn Mawr, and exposed 
near the mouth of the river in a pit a short distance above the Baltimore 
and Ohio Railroad, was traced up the river to the neighborhood of McCalls 


®M. R. Campbell: Geomorphic value of river gravel. Bull. Geol. Soc. Am., vol. 40, 
1929, p. 522. 
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Ferry. In this stretch there are many exposures which show that the two 
berms are approximately parallel, with, however, a slight suggestion of an 
upward bend in the Bryn Mawr gravel as compared with the Shepherds- 
town gravel near the Conowingo dam. 

Above McCalls Ferry the river flows in a deep, steep-walled gorge, cut 
in crystalline rocks. Because of this condition, no continuous berm was 
formed, and the only deposit of gravel that was found is a small one two 
miles below Safe Harbor at an elevation of about 360 feet. This occurs 
where a branch of the Pennsylvania Railroad leaves the river and turns 
east to Quarryville. Above Safe Harbor there is a slight error in the 
profile given in Figure 1, the Shepherdstown being nearly level for con- 
siderable distance, as shown by its altitude of about 360 feet at Washing- 
tonboro, 340 feet at Columbia, and 360 feet at the mouth of Cordorus 
Creek and on the north side of the river about a mile east of Billmeyer. 
Above Middletown there are many exposures of the Shepherdstown gravel, 
and, as shown on the profile, this berm rises steadily, though very slightly, 
to an altitude of 420 feet at Harrisburg, where it is exposed in a large pit 
excavated for the brick clay that underlies the gravel. 

The nearly continuous tracing of the Shepherdstown gravel seems to 
show beyond question that, after the deposition of the Bryn Mawr gravel 
and before the Shepherdstown gravel was laid down, an anticlinal * uplift, 
the axis of which trends nearly at right angles to the river, elevated the 
Bryn Mawr berm at Safe Harbor to a height of 250 feet above its former 
position ; but there is no trace of such an uplift in the vicinity of Harris- 
burg, where these two gravel-bearing berms are separated by an interval 
of only 100 feet. 


INTERPRETATION OF FEATURES ALONG THE PoToMAc RIVER 


Along the Potomac River, as shown in Figure 1, the two berms and their 
accompanying gravel deposits are well developed in the District of Colum- 
bia, where they practically merge within the Washington city limits, but 
up the river they separate more and more until, in the vicinity of Great 


* The writer’s use of the term, anticline, for a linear uplift of the crystalline rocks of 
the Piedmont has been criticised as a misuse of the word. Literally, this is correct, and 
he would gladly have used another term, if a satisfactory one could have been found. 
Upwarp has been suggested, but this word conveys no information as to the form of the 
uplift. The Westminster fold is of exactly the same character as the anticlines in the 
belt of folded rocks on the northwest, and doubtless it was formed by a thrust from the 
southeast. All its features are those of a linear anticline; it has deformed the gravel 
beds on the river berms, and it conveys to the mind the form and character of a linear 


anticline. 
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Falls, 18 miles above Washington, the Shepherdstown gravel is at an alti- 
tude of 300 feet and the Bryn Mawr about 520 feet. Thus far, there can 
be no question about the identity of the two gravel deposits, but above the 
falls for a distance of five or six miles the case is not so clear. The Shep- 
herdstown gravel was found in a fairly constant horizontal position at an 
altitude of about 300 feet, and above it, opposite the mouth of Seneca 
Creek, is a single knob capped by a deposit of coarse gravel and cobbles 
which seemingly should be the Bryn Mawr. Before the writer made a 
study of the Susquehanna section he was uncertain whether these two 
gravels—one at an elevation of 520 feet, south of Great Falls, and the other 
at 400 feet, six miles farther west—could be one and the same. If they 
are the same, the berm on which the gravel lies must have the form of an 
arch with its highest point in the vicinity of Great Falls, or the difference 
in altitude is the result of a fault in the underlying rocks, which has 
depressed the area to the west or elevated that to the east, and thus caused 
a dislocation of the berm to the extent of 120 feet. The assumption that 
this discrepancy is due to a fault was ruled out by several geologists who 
are familiar with the rocks of this region, and the alternative hypothesis 
involved the recognition of an anticline in the crystalline rocks, which had 
been suspected in the past by several geologists but had not been proved. 
In view of this situation, the writer hesitated about accepting the idea 
of deformation until similar structure was proved to be present along the 
Susquehanna River in a corresponding position. This bowing-up of the 
Bryn Mawr berm at the two rivers and the absence of a similar disturbance 
in the Shepherdstown berm in both localities presented such a strong 
case that the writer was forced to accept it as the correct explanation of 
the facts. 

At both the Susquehanna and the Potomac rivers the highest land in 
the Piedmont region is approximately where this supposed axis of upwarp 
crosses them, and a line connecting these points, if drawn parallel with 
the general structures of the belt of folded rocks northwest of the Blue 
Ridge, will show a decided convex bend toward the northwest. following 
the highest land in the region. Thus, the evidence at the two rivers, and 
also in the intermediate territory, points so strongly to the presence of a 
curved anticline that the writer feels justified in accepting it as the most 
reasonable explanation of otherwise anomalous altitudes of the Bryn Mawr 
berm in the vicinity of the Great Falls of the Potomac River. This fold 
has been called by the writer the Westminster anticline, because it appears 
to be responsible for the high land in and about the town of Westminster, 


Maryland. 
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Above the mouth of Seneca Creek both the Bryn Mawr and the Shep- 
herdstown berms are fairly constant features of the upland bordering the 
Potomac River. It is true that remnants of both berm-gravels are not 
always present, but generally the absence of either one or the other may 
be accounted for by erosion after the materials were deposited or by the 
exceptional hardness of the rocks in certain places which did not permit 
the widening of the channel much beyond the requirements of the stream 
itself. Thus, along the river from Point of Rocks to Harpers Ferry no 
trace of a berm formed in Shepherdstown time was found, but above 
Harpers Ferry this gravel is well developed across the Shenandoah 
Valley. Here, the Bryn Mawr berm was doubtless originally well devel- 
oped, but the limestone floor on which the gravel was deposited has been 
eroded so extensively that no trace of the gravel remains except a single 
gravel-capped hill near the northwestern edge of the valley. Up the river 
from this great valley both the Shepherdstown and the Bryn Mawr gravels 
are exposed in many places, and one feels justified in making the state- 
ment that when they were formed they were each practically continuous. 
These berms are separated by a vertical interval of about 100 feet, and at 
Cherry Creek, a few miles above the Shenandoah Valley, the Chambers- 
burg peneplain appears on the summits of the hills, 150 feet above the 
Bryn Mawr berm. 


BERMS ALONG THE SCHUYLKILL RIVER 


The third profile on Figure 1 represents the gravels found along the 
Schuykill River below Reading. Owing to the long distance that this 
river flows on weak Triassic formations, traces of the Bryn Mawr gravel 
were found only at Reading at an altitude of 390 feet and at the town of 
Bryn Mawr, a few miles above the mouth of the river, at an altitude of 460 
feet. Whether or not these two outcrops should be connected by a straight 


line, as shown on the profile, could not be determined with certainty. The 
profile seems to indicate that the Bryn Mawr berm has been slightly 
deformed by uplift on the Westminster anticline, and as the trend of the 
axis of this fold northeast of the Susquehanna River is nearly east-west, 
it is probable that from Reading to Pottstown the berm, if present, would 
be approximately horizontal, and that below Pottstown it would rise as it 
approaches the anticlinal axis that passes through or near the town of 
Bryn Mawr. Thus, it will be seen that although the profile of the gravels 
and berms along the Schuylkill River can not be used as proof of deforma- 
tion, it is not out of harmony with such a theory. 
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CROSS-SECTIONS BETWEEN RIVERS 


As a final test of the interpretation here given of the two principal 
river profiles, lines of observation were carried across the intervening 
territory in order to check the data obtained along one river by those 
obtained along the other. The most promising line of connection between 
the Susquehanna and the Potomac, southeast of the Blue Ridge, is up 
Conewago Creek, which enters the Susquehanna at Yorkhaven, about 
midway between Middletown and Columbia, and heads near Gettysburg. 
From the latter point the line was continued down the Monocacy River 
to the Potomac a few miles below Point of Rocks. 

On the upland back of Yorkhaven there is a deposit of gravel at an 
altitude of about 520 feet, and at the point where the old York-Harris- 
burg turnpine crosses Conewago Creek, just below Strinestown, there is 
another deposit on the slope of the hill at an altitude of about 400 feet. 
As the space between these two beds is about 100 feet, it is highly probable 
that the upper one is a remnant of the Bryn Mawr gravel, and the lower 
one, a remnant of the Shepherdstown gravel. Traces of the lower, or 
Shepherdstown, gravel were found a short distance above Erney, at 400 
feet ; at Mount Royal, at 420 feet; and at Roler, at 430 feet. This gravel 
is present in great abundance under East Berlin and on the state high- 
way just across the creek, at an altitude of about 430 feet. Although this 
bed of gravel shows a slight upward gradient from 400 feet near the mouth 
of the stream to 430 feet at New Berlin, the gradient of the stream is 
somewhat greater, and it is probable that a short distance above New 
Berlin the gravel merges with the present floodplain of the stream, and 
consequently is not distinguishable as a separate bed. 

No trace of the Bryn Mawr gravel, other than that noted above in the 
vicinity of Yorkhaven, was found below New Berlin, but a few miles above 
that village scattering deposits occur at an altitude slightly above 500 feet. 
These were traced up the creek valley to Newchester, where the gravel 
shows in the main street, at an altitude of about 530 feet. There seems 
to be little possibility of error in calling the lower bed of gravel, Shep- 
herdstown, and if that is correct, the upper bed should be regarded as 
the Bryn Mawr. Since the altitude of the drainage divide between 
Conewago Creek and the Monocacy River is about the same as the altitude 
of Newchester, this divide will be regarded as marking the level of the 
Bryn Mawr berm, and thus the correlation of the surface features in the 
two drainage basins may be made with considerable certainty. 

South of Gettysburg the first occurrence of gravel that was noted is 
in the vicinity of Harney, just south of the Maryland-Pennsylvania line. 
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As the altitude of this deposit is about 400 feet, it seems reasonable to 
assume that it should be correlated with the Shepherdstown gravel, which 
was last seen at New Berlin at an altitude of 430 feet, rather than with 
the Bryn Mawr gravel, which shows at Newchester at an altitude of 530 
feet. Along the Monocacy River below Harney there are only occasional 
deposits of gravel, but those that were noted ranged at altitudes from 400 
feet down to 390 feet at the mouth of Double Pipe Creek. 

From the point last mentioned southward for a distance of about nine 
miles no gravel was found, but in the vicinity of Walkersville it occurs in 
abundance at an altitude of 340 feet. As all the evidence obtained indi- 
cates the southward slope of the gravel from a point near New Berlin, it 
seems reasonable to correlate the gravel about Walkersville, at an altitude 
of 340 feet, with that at the mouth of Double Pipe Creek, an altitude of 
390 feet. Some gravel at a considerably lower level was seen in the vicinity 


Sheperds berm 


Wee 


mococheague 


Valley from the Potomac to 


FIGURE 2,—Section along the Cumberlund (Shenandoah) 
the Susquehanna 


Shows the equivalence of the gravel beds, and their relation to the Chambersburg 
peneplain. 
of Frederick, but in all probability this should not be regarded as Shep- 
herdstown gravel because that gravel is well developed both to the north 
and to the south of Buckeystown, at an altitude of about 300 feet. This 
agrees with the Shepherdstown berm on the Potomac River, a few miles to 
the south. 

Although the correlation of the various gravel deposits on this cross- 
section is not as accurate as could be desired, nevertheless it is fairly satis- 
factory and tends to confirm the conclusion that the berms on the 
Potomac River are the same as those on the Susquehanna River, and also 
that the drainage divide in the vicinity of Gettysburg is approximately at 
the altitude of the Bryn Mawr berm. 

The second cross-section examined is that in the Shenandoah-Cumber- 
land Valley. Observations were carried up Conococheague Creek from 
Williamsport, Maryland, to the drainage divide a short distance north- 
east of Chambersburg and thence down Conodoguinet Creek to the Sus- 
quehanna River at Harrisburg. As shown in Figure 2, the Shepherds- 
town gravel is fairly abundant in the vicinity of Williamsport at the 
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mouth of Conococheague Creek at an altitude of 480 feet, or 100 feet 
above the Potomac River. This gravel was traced up the creek until, 
because of the rise of the stream bed, it reached floodplain level at an alti- 
tude of 500 feet. Here the Bryn Mawr gravel occurs in the bluffs, 100 
feet above the creek level. This bed was followed up the creek valley 
until the stream rose to an altitude of 600 feet at the town of Chambers- 
burg, an air-line distance from the Potomac River of about 27 miles. As 
stated previously, the Chambersburg peneplain is well preserved on the 
shale plateau just back of the town, at an altitude of about 750 feet. 
Above Chambersburg, gravel is abundant along Conococheague Creek up 
to the foot of South Mountain, but in this section the gravel occurs on the 
present sloping floodplain, and consequently its presence is no indication 
of a berm or partial peneplain. 

Northeast of Chambersburg the surface continues to rise for a distance 
of five miles to the drainage divide between Conococheague and Conodo- 
guinet creeks. This summit has an elevation of 660 feet, and therefore its 
surface is lower than the Chambersburg peneplain on the west, and higher 
than the Bryn Mawr berm at Chambersburg. Although this summit is 
flat, it carries no gravel, and this fact, together with its position inter- 
mediate between the Bryn Mawr and the Chambersburg levels, is positive 
evidence that it does not correspond with any of the regional geomorphic 
features. 

The plateau which marks the Chambersburg peneplain extends beyond 
the summit, as shown in Figure 2, for a distance of about four miles, and 
at the point where it breaks down, Conodoguinet Creek flows at an eleva- 
tion of 620 feet. Here, there is an accumulation of gravel which certainly 
is the same as that under Chambersburg, at nearly the same altitude. 
This gravel was traced down the creek for about eight miles, where its 
altitude is about the same as that noted above, but it was not seen at any 
point lower in the valley. Its nonappearance is due largely to the fact 
that the shale forming the valley floor is soft and has been eroded below 
the normal position of this berm and its accompanying gravel. No other 
gravel was scen near the creek for a distance of about six miles, or until 
the stream is nearly opposite Newville, where there is a gravel deposit 
at an altitude of about 520 feet. This is evidently the Shepherdstown 
gravel at its normal position, 100 feet below the Bryn Mawr gravel. 

Below Newville, gravel is not abundant, but, as shown on the section, 
several exposures were found which seem to show that the bed of gravel 
near Newville descends slightly down the stream until it reaches an alti- 
tude of 420 feet on the west bank of the Susquehanna and the same 
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altitude in a clay pit, as previously described, on the east side. This 
section provides an almost perfect tie between the berms along the Potomac 
River and similar features along the Susquehanna, and affords conclusive 
evidence that the interpretation of the river sections is, in general, correct. 


PrepMoNtT AND PENEPLAINS 


The data contained in the profiles (figure 1) along the Potomac and the 
Susquehanna rivers are sufficient to indicate the deformation of the Bryn 
Mawr berm in the Piedmont region, This is shown by the dotted contour 
lines in Figure 3. The determination of the form and the extent of the 
Chambersburg peneplain is a much more difficult matter, because, if the 
Bryn Mawr berm is deformed, as has been clearly proved, then the Cham- 
bersburg peneplain also must have been deformed at the same time and 
in like amount. But if the deformation of the Bryn Mawr was caused 
by uplift along an axis that for a long time previously had been a line 
of weakness—a possibility that must be admitted—then the Chambersburg 
peneplain may have suffered much greater deformation than the Bryn 
Mawr. This may be difficult to prove, but it should be carefully con- 
sidered. 

In attempting to reconstruct the surface of the Chambersburg peneplain 
in the Piedmont region, it will be necessary to begin with the known 
and pass to the unknown, or, in other words, to begin at the northwest, 
where considerable evidence is available in the Shenandoah-Cumberland 
Valley, and trace it southeastward as far as the evidence permits. The 
key points of the Chambersburg peneplain are (1) the upland of the 
Potomac River on the northwestern margin of the Shenandoah Valley, 
at an altitude of about 750 feet; (2) the plateau back of Chambersburg, 
at an altitude of 750 feet; and (3) its calculated position of 670 feet 
at Harrisburg, based upon the altitude of the Bryn Mawr gravel at the 
same place. At all these localities the Bryn Mawr gravel is present 150 
feet below the Chambersburg peneplain. Will this same difference in dis- 
tance hold toward the southeast? The writer is doubtful about the paral- 
lelism of these surfaces, because he is convinced that all the berms and 
peneplains here being considered merge at or near the Fall Line. This 
conclusion is based largely on the character of the surface in the vicinity 
of the Fall Line, as noted in a previous paper.'® If this evidence is 
accepted, it would seem reasonable to assume that, barring the possibility 
of uplift on the Westminster axis, a regular decrease should occur in the 


10M. R. Campbell: Alluvial fan of Potomac River. Bull. Geol. Soc. Am., vol. 42, 1931, 
pp. 825-852. 
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space between the Bryn Mawr berm and the Chambersburg peneplain from 
150 feet at the type locality of the latter to zero at the Fall Line. The 
probability of warping in the Piedmont region makes one hesitate to accept 
such an assumption without testing it in every possible way. 

The evidence can best be presented by starting at Chambersburg, where 
the elevation of the peneplain is 750 feet, and where its relation to the 
lower surfaces is known. From this place the writer will attempt to fol- 
low the peneplain to the Fall Line. Thus, if the Bryn Mawr berm coin- 
cides with the surface at Gettysburg, at an altitude of 530 feet, it is 


\B WASHINGTON 


Figure 3.—Map of the Westminster Anticline 
Dotted lines show the deformation of the Bryn Mawr berm, and solid lines, the deforma- 
tion of the Chambersburg peneplain. 
probable that if the Chambersburg peneplain were present here, it would 
be found at an altitude of about 630 feet. This is assumed on the basis 
of the gradual lessening of the interval in the direction of the Fall Line. 
The next point or area at which it is possible to check the position of the 
Chambersburg peneplain is on the axial line of the Westminster anticline, 
as shown in Figure 3. The greatest theoretical elevation of the Bryn Mawr 
berm on this line is a little more than 700 feet, but the surface of the 
plateau is considerably higher, reaching in places as much as 1000 feet 
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above tide-level. As the interval between the Bryn Mawr berm and the 
Chambersburg peneplain at Chambersburg is 150 feet, and as the two sur- 
faces are supposed to merge at the Fall Line, the interval between them on 
the axis of the anticline, which is about midway between the two points, 
should be, if normal, about 75 feet. According to this assumption, the 
position of the Chambersburg peneplain on the anticlinal axis is about 
775 feet above sea-level, or 225 to 250 feet below the surface. This, if 
true, would mean that the surface here was not reduced to a peneplain 
in Chambersburg time; but when one stands on the crest of this arch, 
on the main highway between Mount Airy and Westminster, Maryland, 
it is difficult to conceive of a force other than peneplanation that would 
have produced so smooth a surface as the one he sees spread out before 
him. This argument is particularly effective when one realizes that south 
of the Potomac River, on the southward continuation of the same rocks, 
the peneplain was extensively developed, and that, in both cases, erosion 
was working on rocks that were doubtless deeply decayed from long expo- 
sure near the surface. The writer firmly believes that erosion in Cham- 
bersburg time was long continued and so effective that most of the rocks 
forming the Piedmont Plateau were reduced approximately to base-level, 
and consequently that the surface of the anticline in question is a part 
of this peneplain. If that is true, the distance between the Bryn Mawr 
berm and the Chambersburg peneplain is in the neighborhood of 300 
feet, or double the distance at Chambersburg. This means deformation 
of the Chambersburg peneplain before the formation of the Bryn Mawr 
berm and also the deformation of both these surfaces after that berm was 
completed. The writer’s concept of the amount of deformation of these 
two surfaces is shown by the contour lines in Figure 3. 

Heretofore, little attention has been given to the study of the geomorphic 
features of this region. The only serious attempt to account for them 
with which the writer is familiar was that of Cleveland Abbe, Jr., in 1899. 
He based his study largely upon the arrangement of the streams east of 
Parr’s Ridge, which coincides with the axis of the Westminster anticline, 
as previously described. Abbe was puzzled by the fact that all these 
streams flow directly toward the Fall Line, though that course means 
that they cross geologic formations and structure at right angles. He 
could account for the apparently anomalous courses of these streams by 
only one hypothesis, which is as follows*t: “It therefore seems a true 
conclusion that the streams of the eastern portion of the Piedmont Plateau 


11 Cleveland Abbe, Jr.: A general report on the physiography of Maryland. Maryland 
Weather Service, vol. 1, 1899, p. 215. 
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originally took their courses on the surface of the Coastal Plain; that the 
streams cut down through this cover and laid bare the old surface of the 
Piedmont region, at the same time establishing themselves thereon in 
courses out of harmony with the varying lithologic character of the 
surface.” 

No geomorphologist will for a moment question the conclusion that such 
an origin is possible, but Abbe apparently failed to consider other possi- 
bilities, especially that of superposition from a well-developed and tilted 
peneplain. Abbe advanced no evidence of the former extension of the 
coastal plain formations as far west as Parr’s Ridge, and hence his con- 
clusion rests solely upon the assumption of such an extension. The writer 
would explain the courses of these streams as having been assumed on 
a perfectly formed peneplain which subsequently was strongly tilted to- 
ward the southeast by the formation of the Westminster anticline. The 
surface in question is the Chambersburg peneplain. 

The next place at which the writer believes he has evidence of the pres- 
ence of the Chambersburg peneplain is in the Fall Belt, where the Bryn 
Mawr berm apparently coincides with an older plain that seemingly is of 
such wide extent that it must have been formed in a period of long-con- 
tinued erosion ; and the surface is so well preserved that it must represent 
a stage of peneplanation next older than that which gave rise to the Bryn 
Mawr berm, or, in other words, to the Chambersburg peneplain. 

This surface is at a fairly constant altitude of 400 feet, from Washing- 
ton to the northern limit of Philadelphia, and is marked by extensive 
deposits of gravel where it is crossed by streams of any consequence. The 
deposits are so pronounced that they were mistaken by W J McGee for 
deltas. The writer has found no evidence in support of McGee’s conclu- 
sion, but he has found strong evidence in favor of these deposits being 
due to the emergence, in Bryn Mawr time, of streams from confined chan- 
nels in an upland upon an already-existing flat plain—the Chambersburg 
peneplain. The evidence upon which this theory is based has already been 
published’?, and will not be repeated here. It means, if the writer’s inter- 
pretation is correct, that the Fall Line has served in recent geologic time 
as a hinge upon which the rocks involved in both the Bryn Mawr and the 
Chambersburg uplifts turned, and the positions of these two surfaces on 
this hinge line is indicated by the gravel deposited on them near the larger 


streams. 


122M. R. Campbell: The alluvial fan of Potomac River. Bull. Geol. Soc. Am., vol. 42, 
1931, pp. 825-852. 
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The facts obtained by tracing the Chambersburg peneplain and the 
younger river berms across the Piedmont region to the Fall Line furnish 
some data for determining the ages of these features; and although these 
data may be subject to different interpretations from the one here pre- 
sented—and this one may not prove to be correct—the writer believes 
that, at least, it is worthy of careful consideration. 

Although the relative positions of the peneplains and of the various 
berms that were formed along the principal rivers indicate clearly the 
order in which they were formed, there still remains unanswered the 
question of the length of time that separated them. This is one of the 
most difficult questions that the geomorphologist or the geologist is called 
upon to answer. In this case the relative amounts of material removed 
in the various stages of degradation furnish some clue to the relative 
length of time involved, but the writer is fully aware that the volume of 
material removed by down-cutting of a stream is not necessarily a measure 
of the time consumed in the operation, because vertical down-cutting is 
accomplished much more rapidly than lateral widening, and it is progres- 
sively slower and slower as the width of the valley increases ; also, that the 
old features have been subjected to weathering from the time they were 
formed down to the present, and, consequently, it is extremely difficult to 
evaluate the amount of work accomplished in each of the partial cycles of 
erosion. The best that can be done is to compute the volume of material 
removed in each of the erosion stages, and then to multiply each by an 
assumed factor which represents, as nearly as possible, the progressive 
decrease in speed of erosion as the width of the valley increases. 

The best available unit of measurement is the time that has elapsed 
since the invasion of the Susquehanna Valley by the Ilinoian ice sheet, 
which doubtless occurred at the time of its greatest advance. The out- 
wash from this mass of ice has been traced by Leverett,’* down the river 
past Harrisburg to its mouth at Havre de Grace, Maryland. As the erosive 
work of the river depends largely upon the character of the rocks, this 
inquiry will be restricted to that part of the Susquehanna River which 
flows across the crystalline rocks of the Piedmont Plateau. This includes 
the stretch of the river from Washingtonboro, a few miles below Columbia, 
to the mouth of the stream at Havre de Grace. In this part of its course 
the river flows in a deep, and generally narrow, gorge which, at its base, 
is little wider than the stream that occupies it. 


123 Frank Leverett : Unpublished report for the Pennsylvania Topographic and Geologic 
Survey. 
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In estimating the volume of material removed during the various stages 
of degradation, the gorge may be divided into three sections, in each of 
which erosion conditions have been fairly uniform. The uppermost of 
these sections extends from Washingtonboro to the Holtwood Dam, just 
below McCalls Ferry; the second, from Holtwood Dam to the Conowingo 
Dam; and the third, from Conowingo Dam to the mouth of the river. 
The volume of material eroded in each section was computed and then 
combined for the total as follows: In stage B (see figure 4) 30,000,000,000 
cubic yards of rock were removed after the formation of the Chambersburg 
peneplain (A) and before the formation of the Bryn Mawr berm (C) ; 
in stage D, 9,000,000,000 cubic yards, after the formation of the Bryn 
Mawr berm and before the formation of the Shepherdstown berm (E) ; 
in stage F, 7,000,000,000 cubic yards, after the formation of the Shepherds- 
town berm and before the formation of the Illinoian terrace (G) ; and in 


Ficure 4.—Diagrammatic Cross-section of the Susquehanna River Gorge 
Shows the various peneplains and berms and the erosion that was accomplished in the 
intervening periods. 


stage H, 1,000,000,000 cubic yards, between the formation of the Illinoian 
terrace and the present time. Since these numbers are large and un- 
wieldy, it is easier to express the amount in terms of the smallest unit 
involved. Thus, if H is considered as the unit of measurement, F would 
be represented approximately by 7, D by 9, and B by 30. 

In order to convert volumetric measurements into time, it is necessary 
to assume certain increases that must be made to allow for the slowing- 
down of erosion at some distance from the banks of the river. Since stage 
H requires no perceptible increase, it will be taken as the unit of measure- 
ment. On this basis, stage F is assumed to require a time interval of 1.5 
times H; stage D, 2.5 times H; stage B, 5 times H. Since these figures 
represent the increases due to weathering, they should be used as mul- 
tipliers of the time intervals given above: thus, stage H remains the unit 
of measurement, or 1; stage F is 7 X 1.5 = 10.5; stage D is 9.0 K 2.5 = 
22.5; and the stage B is 30 X 5= 150. The figures are merely relative, 
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as they are based on the assumption that the interval H is unity. If, how- 
ever, its value in years could be determined, all the other estimates could 
readily be converted into the same scale of measurement. Fortunately, 
H, or the length of time from the present back to the maximum advance 
of the Illinoian Glacier, has been carefully considered by our foremost 
glacialists, and there is a fairly general agreement that the value of H is 
about 125,000 years. If H has this value, then F has a value in round 
numbers of 125,000 & 10.5 = 1,300,000 years; D has a value of 125,- 
000 X 22.5 = 2,600,000 years; and B has a value of 125,000 & 150 = 
19,000,000 years. 

These figures agree rather closely with Barrell’s** “mimimum esti- 
mate,” as shown by the following table: 


Ages Barrell Campbell 

23.0 23.0 


If the above determinations are correct, the Chambersburg peneplain 
dates back into Miocene time, and presumably to the beginning of 
that epoch; the Bryn Mawr berm was formed in the early part of the 
Pliocene epoch; and the Shepherdstown berm was formed about the 
beginning of the Pleistocene epoch. For a long time the writer has been 
of the opinion that the Shepherdstown gravel was deposited near the close 
of the Pliocene epoch. This tentative conclusion was based on the degree 
of weathering which the quartz and quartzitic material exhibited when 
they occur in such positions as to be subjected to alternating wet and dry 
conditions. The approximate agreement with Barrell’s time scale does 
not prove that the writer is correct, but it does strengthen his theory that 
most of the gravel in the Piedmont region is of Pliocene age, and that the 
Chambersburg peneplain dates back to mid-Tertiary time. 


144 Joseph Barrell: Rhythms and the measurements of geologic time. Bull. Geol. Soe. 
Am., vol. 28, 1917, p. 884. 
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INTRODUCTION 


Between Walker Pass, latitude 35° 40’ north, altitude 5248 feet, and 
Tioga Pass, latitude 37° 35’ north, altitude 9941 feet, a distance of 158 
miles on a north and south line, there are no highways across the high, 
eastern front of the Sierra Nevada Mountains of California. This great 
barrier to travel on east and west lines is commonly referred to as the 
High Sierra. The greatest elevation on its crest line is Mount Whitney, 
14,496 feet, the highest summit in the United States. From Mount Whit- 
ney, at latitude 36° 35’ north, the elevation of the crest line declines 
southward rather regularly in 65 miles, on a north and south line, to the 
elevation of Walker Pass. North of Mount Whitney there is, however, 
only little change in elevation of the h‘gher points in the 93 miles to Tioga 
Pass. Thus, Mount Sill, latitude 37° 6’ north, has an elevation of 14,254 
feet, and Mount Lyell, latitude 37° 44’ north, 13,090 feet. These peaks, 


1 Manuscript received by the Secretary of the Society, January 26, 1932. 
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and the many others along the crest line, are held to be monadnocks rising 

above an old erosion surface, the Subsummit Plateau, that constitutes 

the upland level of the western slope of the Sierra Nevada. As the aver- 

age altitude between peaks of the Subsummit Plateau is 11,500 feet, the 
scarp of the High Sierra from Mount Whitney northward presents an 
imposing wall (figure 1) towering 8000 feet above the floor of the Owens 

Valley at its base. In this section, below Mount Sill, is Palisade Glacier, 

the southernmost glacier in the United States (figure 2). 


FiGURE 1.—Section of the Crest Line and dissected Scarp of the High Sierra half way 
between Split Mountain and Mount Sill 


Telephoto view across the summit of the Inyo Range. Viewpoint is 30 miles distant 
from the Sierra summits. Photo by Carl Allen. 


PALISADE GLACIER 
LOCATION 


There are several references in geographic and geologic literature to 
the effect that the southernmost glacier of the High Sierra “is a few 
miles north of Mount Whitney” * and “the small glacier in latitude 36° 35’ 
near Mount Whitney now seems to be the (glacier in the United States) 


2N. M. Fenneman: Physiography of Western United States. New York, 1931, p. 416. 
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farthest south.” * The glacier is reported to exist at the head of a cirque 
of East Fork. The cirques of East Fork are west of the crest line of the 
Sierra Nevada scarp but open directly to the north, hence are under the 
shadow of Mount Russell and Mount Young. Further, they are pro- 
tected from the east and the west sun by high and steep ridges extending 
north; these ridges are the sides of the cirque amphitheatre. The site, 
accordingly, is extremely favorable for preservation of a glacier. How- 
ever, the area available there that is above the level of 12,500 feet would 
only suffice for a minute cliff gacier. The glacier is supposed to be under 
the shadow of Russell which is only 14,190 feet high. Hence, the presence 
of a glacier in those parts can not be ascribed to the superior height of 
Mount Whitney. If this one does not exist, no glacier is present west 
of the scarp line for the distance of a degree of latitude farther north, 
and there the small Darwin Glacier, the terminus of which is at an alti- 
tude of 12,500 feet, occupies the head of a cirque that also faces directly 
north. Lawson + evidently saw the cirque at the head of the south branch 
of East Fork but makes no mention of an existing glacier. He makes 
note, however, (op. cit., p. 366) that according to J. N. Le Conte “glaciers 
still linger in the cirques of the summit divide but a short distance north 
of the head of the Kern.” The Mount Whitney, California, quadrangle 
topographic sheet of the United States Geological Survey, 1919 edition, 
shows neither a glacier nor even a snowbank at sites around latitude 
36° 35° north. 

John Muir® asserts he “made excursions over all the High Sierra” 
in search of glaciers (page 24) and that he found 65 existing residual 
glaciers “in that portion of the range lying between latitude 36° 30’ and 
39°” (page 20); but Mount Whitney . . . does not now cherish a 
single glacier. Small patches of lasting snow and ice occur on its north- 
ern slopes, but they are shallow, and present no well marked evidence of 
glacial motion (page 35). If Muir had said that the existing glaciers of 
the High Sierra are found north of 37° instead of 36° 30’ he would have 
been precisely accurate. At 37° 4’, in the upper levels of the large 
cirque at the head of the South Fork of Big Pine Creek, there are mapped 
seven distinct glacierets, the largest of which is about half a mile in each 


%A. Knopf: A geologic reconnaissance of the Inyo Range and the eastern slope of the 
southern Sierra Nevada, California. U. S. Geol. Survey, Prof. Pap. 110, 1918. p. 105. 
(Knopf’s source for the statement above is a paper by R. E. Dickerson: Whitney Creek, 
its glaciation and present form, California Phys. Geogr. Club Bull., vol. 2, 1908, pp. 14 
to 21.) 

4A. C. Lawson: Geomorphogeny of the upper Kern Basin. Univ. California Publica- 
tions, Bull. Dept. Geol., vol. 3, 1903, p. 353. 

5 John Muir: Mountains of California. New York, 1894, 1911, p. 34. 
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dimension. These ice masses were seen only from a distance by the 
author. They are small and possibly do not exhibit the characteristic 
of a true glacier—motion within the mass. 

The cirque basin at the head of the South Fork of Big Pine Creek 
in which these snow patches persist opens to the north and northeast. 
The mountain wall, “Middle Palisade,” elevation 14,049 feet, under 
which five of the glacierets occur, has a west to east trend. It is this 
northern exposure with consequent “broad frosty shadows” (Muir) that 
determines this most southerly site of lingering glaciation. The same 
conditions, accentuated, three miles farther north at the head of the 
north branch of Big Pine Creek (figure 2) and under the shadow of three 
peaks approaching Mount Whitney in elevation (Mount Sill, 14,254 
feet; Moufit Winchell, 13,749 feet; and Agassiz Needle, 13,882 feet) 
have fixed the site of Palisade Glac‘er, the most southerly glacier in the 
United States, and have enabled it to maintain itself in dimensions 
greater than those of rival glaciers situated farther north. 


SIZE, ALTITUDE, FORMER EXTENSION 


Palisade Glacier, as mapped by the United States Geological Survey 
in 1909, is more than one and one-half miles long in its greater dimen- 
sion—that is, parallel to the “palisade” mountain wall at its head. From 
the mountain wall forward to the moraine at the widest part is nearly 
three-quarters of a mile. The Mount Lyell Glacier, on the northern slope 
of Mount Lyell, latitude 37° 45’ north, is stated by Russell ® to be the 
most extensive existing glacier in the High Sierra and to be “less than a 
mile in length with a somewhat greater breadth.” The Mount Lyell 
Glacier is thus approximately 50 miles farther north than the Palisade 
Glacier, but much smaller. No less than 15 small fields of ice that might 
appropriately be termed glaciers or glacierets are present in the section 
of the High Sierra between the Palisade Glacier and the Mount Lyell 
Glacier. However, every one of these is much smaller than either the 
Palisade Glacier or the Mount Lyell Glacier. Like the two larger glaciers, 
the smaller glaciers exist, almost without exception, in cirque depressions 
at sites where a high mountain wall has a distinctly east-west trend, 
giving a northern exposure to a basin on the southern wall of which the 
glacier clings. 

The altitude of the head of Palisade Glacier is 13,000 feet; of its 
front, approximately 12,500 feet. The Mount Lyell Glacier is between 


6]. C. Russell: Glaciers of North America. Boston, 1901, p. 38; Existing glaciers of 
the United States. U. S. Geol. Survey, 5th Ann. Rept. 1883-84, p. 315. 
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Ficure 3.—Overflow Tongue from upper Level to lower Level of Palisade Glacier 
Note transverse crevasses, medial moraine, and “chutes.” 


FIGURE 4.—General View of the Site of the Palisade Glacier 
Shows the two divisions of the glacier, moraine at the front of the upper level 
division, the cross wall at the head of the valley trough, ‘ice tongues” or ‘‘chutes,” 
and the highest of the lakes. Photo copyright, H. W. Mendenhall, Big Pine, Cali- 
fornia. 
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12,500 and 12,000 feet in elevation. Evidently the 500 feet greater eleva- 
tion at the more southerly site compensates for the difference in latitude. 
It is interesting: to note that Knopf (op. cit., page 96) says that the 
Pleistocene glaciers of Big Pine Creek descended to an altitude of 5000 
feet, “the lowest descent so far discovered on the east flank of the Sierra 
Nevada.” The Pleistocene glaciers that, farther north, descended to the 
plain of the Mono Lake basin ended at elevations above 6000 feet. 


Ficure 5.—Lower level Palisade Glacier 


Note bergschrund cutting across ‘ice tongues” or “chutes” in cirque head-wall. Con- 
nects on left side with figure 3. 


MOVEMENT AND CREVASSES 


The Palisade Glacier has two, well-defined parts, of which the south- 
ern and eastern division is by far the larger and has the higher altitude. 
In consequence of its greater elevation the larger division overflows 
laterally northeastward to join the lower level part (figure 3). This 
overflow partially fills a notch in a spur from Mount Winchell which 
projects as a buttress between the two ice sheets. The overflow is not 
clearly shown on the topographic sheet (Mount Goddard quadrangle). 
This map presents the two divisions of the glacier as continuous at their 
lower end. From this fact it may be inferred either that the glacier has 
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shrunk very considerably since 1909 when the survey for the map was 
made or that a snow cover masked the lower projection of the Mount 
Winchell spur at the time the mapping was being done. The alternative 
explanation is unlikely, however, because the view shown in Figure 4 was 
evidently made early in the spring when large snow patches were still 
present in the hollows of the lower slopes, and it shows this projection 
prominently exposed.’ It can be noted in Figure 3 that the slope of the 
surface of the overflow tongue is distinctly steeper than the surface of 
the upper level glacier and than that of the lower division. In fact, the 
overflow is an ice cascade, and as such displays well developed transverse 
crevasses at and below the crest line. ~ 

The phenomenon of this overflow and its transverse crevasses demon- 
strates conclusively the true glacial nature of the, Palisade Glacier. Pali- 
sade Glacier is not merely an inert mass of ice lingering i in a corner of an 
ancient cirque. Instead, the upper section has sufficient volume and 
active motion to spill laterally across a low divide between its two parts. 

That the masses of both divisions of the glacier are in motion is imme- 
diately evident from the perfection of development of the bergschrund. 
In Figure 4 it can be seen that the line of the bergschrund follows along 
the line of the mountain front quite continuously, though the picture 
was taken in early spring when the cover of snow on the glacier was still 
deep. The perfectly developed bergschrund is shown in the picture of the 
lower, or North Palisade Glacier, taken October 7, 1929 (figure 5). 
Other crevasses, transverse, appear below the bergschrund in the upper 
level, or South Palisade Glacier, and the section these expose (figure 6) 
shows clear ice with no evidence of layers of snow. Like Figure 5, Figure 
6 was taken October 7, 1929, about the beginning of the winter season. 
There was a light fall of snow in the morning, and the temperature was 
below freezing at the altitude of the glacier surfaces, so that the ice was 
dry and hard. 


‘Harlow M. Stafford, Snow Supervisor, Department of Public Works, Sacramento, 
California, courteously furnished the author with a transcript of the State’s Snow Survey 
of snow depths at 10,000 feet above tide on Big Pine Creek. The record extends from 
1926 through 1931. The period is too short to permit any correlation between snow- 
fall and change in the Palisade Glacier. Tlowever, the great variation during these 
years (1926, 31 inches; 1927, 88 inches; 1928, 36.9 inches; 1929, 37.6 inches; 1930, 
38.1 inches; 1931, 16.8 inches; all measurements made at approximately the same date, 
near the end of March or the first of April) indicates that if there should be a succession 
of years with exceptionally low or exceptionally high precipitation there could be marked 
fluctuation in the size of the Palisade Glacier. Stations with records that extend 
through a longer period (maximum 25 years) are too distant and in situations too unlike 
those in the Palisade Glacier area to be significant. 
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MORAINES AND GLACIER TABLES 


As W. D. Johnson made clear,® blocks of rock are detached from the 
cirque wall at the bottom of the bergschrund and are incorporated in the 
forward-moving ice of the glacier. This process is much facilitated in 
the region of the Palisade Glacier by the well-developed block jointing 
of the granite of the cirque wall. This wall, moreover, appears to have 


Figure 6.—Crevasse in upper lerel Palisade Glacier 
Photo by T. Rust. 


been maintained much steeper in the Palisade Glacier section (by the 
sapping recession of the bergschrund) than at the Mount Lyell site, where 
Johnson made his observations. As a consequence, weathering, though 
active, has not kept pace with the recession due to the bergschrund, and 
the “palisade” cliff of the cirque head is very steep. Hence, great joint 


8 W. D. Johnson: Maturity in Alpine glicial erosion. Jour. Geol., vol. 12, 1904, p. 574. 
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blocks of the granite, loosened by frost action or undermined by the bergs- 
chrund recession, are precipitated directly upon the glacier surfaces in 
considerable numbers. It appears also (figure 3) that some rocky débris 
is incorporated in the moving ice by erosion of roches moutonnées. Ac- 
cordingly, there is an abundant supply of rock fragments for transport 
as englacial and surface moraine. 

The development of glacier tables is promoted by the presence of many 
large blocks of rock that plunge down from the cliffs and come to rest 
on the surface of the ice (figure 7). 

Although to be positive, one would need to witness a fall, still it is not 
improbable that blocks of rock, which plunge from the higher levels of the 
cliffs, roll and slide completely across the glacier and come to rest in 
the end moraine at its front. Goldthwait ® has suggested such an origin 
for the “great heap of blocks on the floor of King’s Ravine.” He says 
when “the ice border retired it left only stagnant masses of ice at the 
heads of these cirques, which served as toboggan slides for loose blocks 
that fell off the oversteepened headwalls as soon as the ice support was 
withdrawn.” However, as indicated above, the ice over which the slid- 
ing takes place may be an active cirque glacier. This possibility was 
early recognized by Richter,® who said that the material of the cirque 
wall “loosened by weathering is removed by the glacier or slides off over 
the névé to form either actual moraines, or, at least, névé moraines.” 

The end moraine of the upper level, South Palisade Glacier, has a front 
of the steepness of the angle of rest of the material composing it (figure 
4). This development is in accord with the idea of dumping and sliding 
from the upper surface. As the material is coarse and angular, the 
slope is steep, giving the effect of a wall. Probably the moraine here is 
a veneer supported at the rear by the ice of the glacier, which has a front 
equally steep and high. A rapid shrinking of the ice would result in a 
slumping of the rocky débris to the inverted V cross-section characteristic 
of deposited morainic ridges. 

The end moraine of the lower level, North Palisade Glacier (figure 5), 
appears to be derived in greater volume from the melting out of débris 
carried englacially. It rises slightly above the end of the glacier (Octo- 
ber, 1929), apparently because it serves to protect ice under it from melt- 
ing as rapidly as the ice up-glacier, which is free of débris. The fact 


®J. W. Goldthwait: Geology of New Hampshire. New Hampshire Acad. Sci., Hand- 
book No. 1, 1925, p. 12. 

10, Richter: Geomorphologische Beobachtungen aus Norwegen, Sitzungsber. Wiener 
Akad. Math. Naturw. K1., vol., 105, 1896, Abt. 1, pp. 152-164; quoted by W. H. Hobbs: 
Characteristics of existing glaciers. New York, 1911, 1922, p. 14. 
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that a patch of what may be termed medial moraine appears (figure 5) 
in line with the buttress of Mount Winchell gives support to the deduc- 
tion that much of the material of the end moraine of the lower glacier 
is englacially transported. A pronounced medial moraine, which gives 
a distinctly convex surface to the overflow tongue from the upper to the 
lower glacier, is evidently derived (figure 3) from a longitudinal spur 


Ficure 7.—Glacier Table on upper level Palisade Glacier 
View looks down valley of the north fork of Big Pine Creek. Photo by Robert Sheridan. 


of rock that projects at the brink of the descent. The undue amount of 
lateral moraine that appears on the left side of the overflow tongue (fig- 
ure 3) may be explained as the result of the conveying around the 
corner of part of the end moraine of the upper-level glacier. 


GLACIAL “CHUTES” 


In 1884, Russell * called attention to a feature of the Sierra Nevada 
glaciers which he called ice-tongues. He says: 


uJ, C. Russell: Existing glaciers of the United States. U.S. Geol. Survey, 5th Ann. 
Rept., 1883-84, pp. 316, 323. 
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Figure 8.—Glacial Chute on Cross Wall below the Cirque Basin of Palisade Glacier 


Note the close jointing of the granite. 


Ficure 9.—Roche Moutonnée in Glacial Chute, down valley from Site of Figure 8 


Note up-hill direction of striations on stoss side. 
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“In the steep amphitheatre walls overlooking the névés of the glaciers there 
are frequently deep narrow cliffs [sic; a misprint for clefts] leading toward the 
higher peaks. In many instances these are partially filled with ice which 
shoots up above the névés in tapering tongues some hundreds of feet in height. 

. . These ‘ice-tongues’ are an interesting feature of the Sierra glaciers 

. .}; whether they have motion or not remains to be determined.” 

In a later publication ** he writes further about these ice tongues and 
says that the base of the largest of these in the Mount Dana glacier is cut 
off by the bergschrund—a suggestion that motion of the ice tongue, if 
any, is slower than that of the main glacier. He refers to John Muir’s 
description (1872) of narrow high-grade canyons, called “devil’s slides,” 
“devil’s lanes,” etc., which occur about the higher peaks and are fre- 
quently occupied by ice. These ice-filled gorges were evidently present 
where there was no development of a cirque glacier. In one of these 
gorges the ice was found to have a motion of a fraction of an inch a day. 
Russell adds that such masses of ice are what he calls “ice-tongues.” If 
they do have movement, as Muir asserts, they may be regarded as the 
last, faint expression of active glaciation in mountain regions that have 
been deeply cirque-incised. 

Similar ice tongues are conspicuous features in the head walls of both 
parts of the Palisade Glacier (figures 3, 4,5). In early spring and in 
late fall all these ice tongues appear to be cut across by the bergschrund 
where they join the mass of the cirque glacier. Hence, the motion, if 
they do flow, must be slower than that of the cirque glaciers. Observa- 
tions to determine whether the bergschrund during the summer gapes 
less widely and less deeply opposite these ice tongues than along the 
wider spurs might afford evidence on the question of motion or relative 
movement. 

The jointed structure of the Sierra granite in the region of the Palisade 
Glacier unquestionably is the factor that greatly promotes the develop- 
ment of the gorges that hold the ice tongues. As these gorges remain 
filled with ice and snow to the end of the melting season, their sides and 
bottoms are not exposed to weathering processes. Accordingly, the fact 
that they are maintained as recesses in the walls at the head of the cir- 
ques—walls that are receding through the bergschrund sapping—in itself 
indicates quarrying action, or plucking, by ice motion. Given movement, 
that process, in view of the steep gradient of the ice tongues and the 
blocky structure of the granite with the vertical joints most prominent 
and well developed, should be very effective. 


1227, C, Russell: Glaciers of North America. Boston, 1901, pp. 39, 47, 50. 
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Similar channels, below the ends of the cirque glacier, now free of 
ice were referred to as “chutes” in an abstract ** published by the author. 
Since then a paper’* has appeared describing a remarkable series of 
analagous channels on the steep slope of Mount Puy Puy, Peru. It is 
interesting to note that Harvey fixes on “glacial chutes” as the most 
appropriate term to designate such channels, and suggests its adoption 
for technical usage. 

The rock slopes below the Palisade Glacier are glacially rounded to a 
marked degree across the whole width of the cirque basin, and are prac- 
tically free of weathering waste for a distance of a mile forward and 2000 
feet down from the front of the glacier, as is well shown in Figure 4. Such 
rounding and absence of waste indicate that this area was freed of ice 
in comparatively recent time. But it will be noted in Figure 4 that just 
below the fronts of the existing glaciers there are wide gaps between 
the knobs of rock rounded by glacial scour. Further, these broader gaps 
are cut into by narrower, straight-sided trenches that, in Figure 4, are 
filled with snow. However, in Figures 8 and 9, which are detail views 
made in early autumn—the first, close to the glacier front; the second, 
half a mile or more down the valley—it will be noted that these trenches 
have considerable depth. Knopf*® refers to a lesser development of 
the same phenomenon as follows: “long narrow trenches, bounded by 
vertical joint faces and as much as 6 feet deep [are] clearly indicative 
of ice plucking, having been excavated on the summits of roche moutonnée 
ridges.” The upper ends of such channels are the direct and lowest out- 
lets from the cirque basins and would convey the first overflow of ice, if 
there should be an increase in the volume of the existing glaciers, across 
the steep slope below the cirque basin. That they have served as channels 
for ice movement is clearly demonstrated by the ice-smoothed surface 
at the left in Figure 8 and by the perfect roches moutonnées in Figure 9. 
Again, the marked jointing of the right wall of the channel in Figure 8 
indicates the significance of such structure in the excavation of these 
trenches. 

In his description and interpretation of the Mount Puy Puy chutes, 
Harvey emphasizes precisely the same phenomena. The Mount Puy 
Puy troughs plunge down the face of a steep escarpment at the base of 
the mountain; glaciers are present today a few hundred feet above the 


130. D. von Engeln: Palisade Glacier, Sierra Nevada Mountains, California. Bull. Geol. 
Soc. Am., vol. 41, 1930, pp. 99-100. 

%R. D. Harvey: Glacial chutes from the Peruvian Cordillera. Am. Jour. Sci., 5th 
ser., vol. 21, 1931, pp. 220-231. 

15 Op. cit., pp. 101-102. 
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heads of the chutes; the slight amount of weathering and stream erosion 
indicates that ice occupied the troughs not many hundreds of years ago; 
the bottoms of the troughs show glacial polish and rounding; the rough 
form of the sides is governed by joint blocks; and parallel and intersecting 
joint fissures determine the straightness of the channels. 

It appears, accordingly, that Muir’s “devil’s slides,” Russell’s “ice 
tongues,” the “chutes” of the Sierra referred to by the present writer 
in the abstract quoted above, and the Mount Puy Puy “chutes” are homol- 
ogous phenomena. Further, these glacial chutes are significant for 
studies of glaciation in that they exemplify the extreme expression of a 
characteristic of glacial action—namely, differential erosion. In the 
development of such chutes it is demonstrated that a large movement 
of ice directed by major topographic elements tends to be concentrated 
in particular channels by variations in the structure of the rocks, and 
once it is so localized, differential erosion and its effects are progressively 
enhanced. 

In the parts of the chutes close to the existing glacier fronts the sur- 
faces are, in general, rough from vigorous plucking action. Farther 
down, rounding, smoothing, and striation are more and more in evi- 
dence, and, in turn, these features gradually disappear as the effects of 
weathering become more pronounced down-valley. That the movement 
of the ice follows the contour of the chutes very closely is remarkably 
demonstrated by the inclination of the glacial striae. Where there is a 
steep descent the striae slope with it across the rock surfaces of the side 
walls. Where there is an obstruction to flow, the striae go up hill. This 
effect is so well developed that it shows perfectly on the roches mouton- 
nées, large and small, in Figure 9. In this view the widening of the chutes 
and the effects of weathering down-valley are also clearly illustrated. 


GLACIAL PAVEMENT 


An interesting feature of the bottoms of the chutes close to the glacier 
front is a peculiar kind of rock pavement made up of small, angular rock 
fragments. Despite the angularity of the constituent particles the sur- 
faces of such pavements were essentially smooth. Such deposits would 
appear to be ground moraine, pressed in place by the ice, from which 
the finer material had later been washed by the trickling flow that com- 
monly results from the melting of banks of snow. Meanwhile, the larger 
rock fragments keep settling down and fitting in to make a near mosaie. 
Gilbert *® stated that a somewhat similar development between two till 


16 G. K. Gilbert : Bowlder-pavement at Wilson, New York. Jour. Geol., vol. 6, 1898, pp. 


771-775. 


Geon. Soc. AM., Von. 44, 1933 
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sheets of the Pleistocene glaciation was due to the partial erosion of the 
subjacent till by a re-advance of the ice. As bedrock is immediately be- 
low the pavement of the Sierra chutes, this explanation could not apply 
there. On the other hand, a gentle sheet flow of water from a wide glacial 
front might carry away fine material in such amount that a re-advance 
of the ice would press the exposed boulders into a pavement in the man- 
ner described by Gilbert. Tarr?’ calls attention to the fact that over 
deposits of glacial-lake clay, there is, in places, a sufficiently continuous 
veneer of stones to give the surface the appearance of a till sheet, although 
pure clay, three feet or more thick, lies beneath. He says he has no satis- 
factory explanation for the phenomenon. If pressed down by a re-ad- 
vance of the ice such a veneer would also provide a boulder-pavement 
effect. 
GLACIER STAIRWAY AND PaTER Noster Lakes 
INTRODUCTION 


Each author referred to above as an observer of glacial phenomena 
in the High Sierra is impressed by the notable development in this region 
of the feature variously designated as a giant stairway, cascade stairway, 
evclopean stairway, glacier stairway, or pater noster lakes. Some of these 
writers mention factors that they consider to be significant for the exist- 
ence and marked development of the phenomenon. It is stated, in gen- 
eral, that the stepped tarns are eroded from the solid rock, and that a strong 
local control of glacial sculpture is exercised by jointing. The accounts 
that are devoted to a systematic exposition ** of the phenomenon simi- 
larly find differences in rock structure to be a factor in the excavation of 
the basins, but emphasize also the nature of the glacial erosive processes, 
the effect of differences in the measure of the valley cross-sections, the 
surface gradient of the glaciers, the varving position of the site of maxi- 
mum ice thickness along the valley profile in the history of the growth 
and decline of the glacier, and the fact that a valley glacier, unlike a 
river, has a point of maximum volume and then declines in thickness to 
its terminus. 

More recently Matthes** finds that in the region of the Yosemite, 
California, cross-walls, glacier stairways, and roches moutonnées are all 


wR, S. Tarr: Watkins Glen-Catatonk Folio, No. 169, U. S. Geol. Survey, 1909, Field 
Edition, p. 190. 

18 W. H. Hobbs: Characteristics of existing glaciers. New York, 1911, pp. 59-63. 

W. D. Johnson: Maturity in Alpine glacial erosion. Jour. Geol., vol. 19, 1904, pp. 
570, 571 and 574, 575. 

A. Penck : Glacial features in the Alps. Jour. Geol., vol. 18, 1905, pp. 1, 8, 9, 15. 

2” F. E. Matthes: Geologic history of the Yosemite Valley. U. S. Geol. Survey Prof. 
Pap. 160, 1930. 
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the products of “selective” glacial erosion at points where monolithic, 
hence obdurate, granitic masses are interposed between much jointed, 
hence quarriable rock. The fracture-free monoliths, according to 
Matthes, yield only in negligible amount to glacial abrasion; the effec- 
tive, plucking process of glacial sculpture operates solely on closely jointed 
rock. He maintains, also, that the cross-walls, or risers, of the glacier 
stairways are fixed in position—that they do not migrate toward the 
head of the valley. 

In the Yosemite, where, in places, “joints are altogether lacking for 
hundreds and even thousands of feet and the rock is wholly undivided,” 
Matthes’s conclusion, that such conditions fix the sites of the cross-walls 
there present, seems warranted. He is, nevertheless, constrained to infer 
considerable jointing (page 93) in rock masses that were glacially ex- 
cavated at sites where the rock now exposed is notably massive. He 
points out that the type of rock involved varies extremely in structure, 
and that the excavated portions may have been closely jointed. 

If this relationship existed at one place, it may also have affected glacial 
sculpture at other points in the Yosemite region. The glacially excavated 
basins are interpreted as modifications of a preglacial, river-cut canyon. 
From Matthes’s diagrams (figure 30} it appears that the depth of glacial 
excavation varied between 1500 and 250 feet. Even if the glacial ex- 
cavation did not go deeper than the minimum depth of 250 feet, that 
measure of erosion by the ice would be enough to permit the glacial proc- 
esses to be let down from an easily quarriable rock structure to an un- 
quarriable mass below. Otheiwise stated: if both the deeply excavated 
areas and the cross-walls are now, in places, on unquarriable rock, why 
infer that such structural condition is more indicative on the one kind— 
cross-wall—than on the other kind—deeply excavated—of site? In 
Matthes’s figure 15—a bird's-eye view of the Yosemite Valley in the 
immediately preglacial canyon stage—it is clearly indicated that the 
gradient of the valley floor was then much interrupted by declivities, both 
small and great. These declivities had to be eliminated by glacial action 
or converted (through retreat?) into the great walls (risers) of the 
glacial stairway, as, for example, at Vernal Falls. In other words, at 
each step (cross-wall) the glacier quarried directly up to the massive 
rock. To the cliff (riser) of Vernal Falls notably, there still clings a 
large fragment of a vertical rock sheet that clearly tells the story (Matthes, 


page 98). One is led, however, to wonder whether there is not also un- 


revealed jointing in the rock of the step above, which is said to be of mono- 
Indeed, the presence of the fragment of the vertical 


lithic massiveness. 
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rock sheet suggests that the wall was retreating and that its present posi- 
tion is due to the fact that the glacial quarrying stopped because the ice 
disappeared and not because the glacier, when it existed, was incapable 
of plucking the wall face. 

It is also a question whether one should accept the implication of 
Matthes’s Figure 33 that roches moutonnées require for their development 
the presence of obdurate bosses of rock between abundantly jointed rock. 
Certainly, the characteristic roche moutonnée shown in Figure 9 of the 
present paper, carved from Sierra granite, shows close-spaced jointing 
in all its parts. 

As Matthes does not notice the papers by Penck and by Ljunger referred 
to herein, it is not possible to determine what importance he considered 
these contributions to have in the problem of glacial sculpture in the 
Yosemite. 

To summarize: It appears that the various explanations heretofore 
presented are not adequate for a systematic and complete understanding 
of the geomorphology of the site of the Palisade Glacier and of the 
valley of the North Fork of Big Pine Creek, down which descended the 
former great glacier that had its head in the cirque basin of the Palisade 
Glacier. 

THE CIRQUE 

The great cirque in which the two parts of the Palisade Glacier rest is 
terminated down-valley by a great “cross-wall” (figure 4) of rock. Such 
a wall, according to Penck,” is a feature that will normally be present 
below the cirque amphitheatre, and it marks the end, or head, of the 
excavation of a trough by the valley glacier. On the floor above it the 
last remnants of glaciation persist. These small glaciers, by sapping 
action according to Johnson’s description, and also under the conditions 
outlined by Bowman,”* develop a reversed slope—that is, one which has 
a down-grade toward the cliffs of the mountain head-wall. At the head- 
wall are developed small kars, or corries, which are to be distinguished 
from the larger cirque basin of which they are a part and which, as a 
whole, antedates them. “After having climbed over the walls of the 
trough’s end,” writes Penck, “one arrives at a flat, formerly occupied 
by a hanging glacier, usually surrounded by cliffs. Then one arrives 
at a corrie or series of corries. An ascent of the walls of a corrie always 
leads one to the crest of mountains.” 


217, Bowman: The Andes of Southern Peru. New York, 1916, pp. 296-305 and fig. 197. 
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Bowman’s exposition of the initiation of the cirque hollow was antici- 
pated in part by suggestions in a paper by the Chamberlins.” In par- 
ticular (pages 210-211), they indicate that the absence of the berg- 
schrund, a point that troubled Bowman (op. cit., pages 205-206, 304-305), 
is not significant, because the bergschrund and the sapping processes it 
fosters are sequential to cirque-initiating conditions that were previ- 
ously effective. Bowman’s discussion reaches a similar conclusion but 
does not develop the sequential relationship. At the line of division 
between stationary, protective snow, and moving, abrasive snow-ice, a 
scar develops. For a considerable period the snow surfaces above it may 
remain continuous. But as an excavation is made by the abrasive process 
at the site of the scar, the part of the catchment basin under the moving 
ice is deepened, the line of parting between it and the inert snowbank 
becomes pronounced and is sharply defined, with the result that even- 
tually a bergschrund opens. Thereafter, influences due to the existence 
of the bergschrund accelerate the sapping action at its base. However, 
independent of the diurnal changes of temperature that are possible be- 
cause the bergschrund opens to the air, the physical conditions at the 
basal line of parting are of such nature that the sapping action must con- 
tinue to be very effective. The temperature of the ice there will be 
slightly less than 0°C. as a maximum because of the pressure from the 
overlying mass; hence, any water that penetrates to this level will freeze. 
In the High Sierra the foot of the cirque wall is indicated particularly 
as the place where water from precipitation on the slope to the west 
of the scarp crest, percolating through joint fissures, will emerge. Its 
freezing at the outlet will tend to pry out joint blocks, and, as pointed 
out by the Chamberlins (op. cit., page 212), the sapping may proceed 
slightly downward, following in reverse the direction taken by the 
water in its outward flow. 

Another factor of importance emphasized in the Chamberlin paper, 
and recently elaborated upon by Ljunger,** is the relation between the 
cohesive and the adhesive strength of the ice. From common expe- 
rience in attempting to clear dry, solidly frozen ice from concrete and 
stone pavements it is evident that the cohesive strength of the ice is less 
than that of its adhesion to the rocky materials. Hence, if the cohesive 
strength of a prism of the moving ice suffices to pull a joint block loose 
from its position in the rock mass, the adhesion will be adequate to insure 


22R, T. and T. C. Chamberlin: Certain phases of glacial erosion. Jour. Geol., vol. 19, 
1911, pp. 193-216. 

°%3E. Ljunger: Spaltentektonik und Morphologie der schwedischen Skagerrack-Kiiste. 
Geolog. Instit. Univ. Upsala Bull., vol. 21, 1930, pp. 291-293. 
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the forward movement of the fragment. Again, tension promotes freez- 
ing, so that wherever there is a tendency to motion away from the foot 
of the rock wall, there is also a firming of the ice and a stronger ad- 
hesion. 

Although he does not develop the point, Gilbert ** notes that at a late 
stage in the excavation of cirques a definite line separates a cliff above 
from a gentler slope below. That line, Gilbert conceives to mark the base 
of the bergschrund. Below it the ice-abraded and ice-plucked slope is 
the site where, after a certain measure of downward excavation by sapping 
has been wrought, there develops a downward, as well as a forward, mo- 
tion of the ice. The conditions that Gilbert suggests appear to be a 
duplication of those giving rise to the cross-wall at the head of the valley 
trough, developed when glaciation extended beyond the confines of the 
cirque basin. 

RETREAT OF THE CROSS-WALL 


When the glacier of the Palisade basin was of slightly greater volume 
than it is now, movement of the ice extended over and down the slope 
of the cross-wall which is the most conspicuous feature in Figure 4. In 
that phase the glacial chutes were dug. 

When a still greater volume of ice was being furnished, the whole 
front of this cross-wall slope was covered by the glacial stream. Then, 
a series of parallel transverse crevasses in the ice would mark its site. 
As pointed out in the Chamberlin paper (op. cit., page 213), such a 
slope and the resulting transverse crevasses entail a break in the con- 
tinuity of the glacier motion, hence the beginning of a new motion in 
the ice mass below at the bottom of the slope. Under these circumstances 
the erosive processes effective on the front of the cross-wall are quite 
analogous to those on the part of the cirque wall below the schrund line. 
There will be tension, freezing, and adhesion of the ice, and dragging out 
of blocks. In addition, there is present here in maximum degree a situa- 
tion that Ljunger (op. cit., page 265) considers to be the most favorable 
of all for glacial erosion by plucking—namely, a forward thrust by the 
moving ice with no rock mass ahead to support or oppose the quarrying 
of blocks from the brink or face of the slope. Such action is not con- 
fined to removal of pieces outlined by previously existing fissures. Every 
projecting angle of the rock affords an opportunity for the ice to break 
away conchoidal spalls. Where large blocks are broken out, imperfect 


%G. K. Gilbert: Systematic asymmetry of crest lines in the High Sierra of California. 
Jour. Geol., vol. 12, 1904, p. 582. 
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roche moutonnée forms are developed; these tend to be rounded by later 
spalling and abrasion, even on their plucked, downstream, leesides. 
Ultimately, the backward erosion wrought on the cross-wall declivity 
should eliminate this steep slope and make the head of the glacial trough 
coincident with the wall at the head of the cirque. But while the cross- 


Ficure 10.—Galiano Glacier, Yakutat Bay, Alaska 
Trough has been excavated to glacial grade to cirque head-wall. 


wall is retreating, the sapping processes at the head of the cirque are 
also effective, and the pursuit is a stern chase, proverbially a long one. 
At one site known to the writer—the Galiano Glacier, Alaska (figure 
10)—this result seems to have been achieved. The rock of the Galiano 
basin is an easily eroded sandstone, and declivities that originally existed 
in its floor were apparently erased very quickly, so that the glacial trough 
now extends without break of slope on the surface of the glacier, right up 
to the mountain head-wall. 
ORIGIN OF THE CROSS-WALL 


The processes described above apply to the fact and manner of retreat 
of the cross-wall; they do not afford any explanation of its presence. 
On the subject of the origin of the cross-wall, Penck’s ** application 


2 A. Penck: Glacial features of the Alps. Jour. Geol., vol. 13, 1905, p. 9. 
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of the rule of adjustment of valley cross-section to the rate of glacial 
flow appears to satisfy every requirement. He points out that the con- 
fluence of the “slope” glaciers from the cirque basin demands that there 
be an increase in velocity at the mouth of the cirque to permit continuous 
movement. Such increased velocity will then act on the glacier bed to 
deepen it until the rate of flow is equalized with that of the slope glaciers. 
He calculates that such depth theoretically will be 57 per cent greater 


FIGuRE 11.—Pater noster Lakes and Rock Steps in North Fork of Big Pine Creek Valley 


View is from cross wall at head of the valley trough and below the cirque basin of 
Palisade Glacier. 


than that at the semicircle from which the glaciers come. Accordingly, 
there should develop at the edge of the semicircle a declivity leading to 
a trough of adequate dimensions below. 

The same process is operative with the same results where “dimples” 
and “exudation basins” or “feeder basins” appear at the heads of the 
overflow glaciers, along the margin of the Greenland ice sheet; and at 
the sites of “glint” lakes and “scape colks” where the Pleistocene ice of 
Scandinavia moved through gaps in the escarpment facing the west 
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coast.2° The differential erosion due to increase in volume and in 
rate of flow at these places accentuates an initial declivity until the cross- 
section is adjusted by deepening to provide for the escape of the ice with 
a uniform rate of flow. Then differential erosion should cease. The 
adjustment of the cross-section does not, however, prevent the further 
retreat of the cross-wall in the manner described above. 


BASINS AND STEPS BELOW THE CROSS-WALL 


The reason set forth by Penck for the origin of the cross-wall at the 
head of the glacial trough does not specifically explain the presence of 
a series of steps with treads that are commonly the sites of lakes and 
with risers consisting of steep rock walls—the phenomenon that is so 
perfectly developed (figures 2 and 11) in the trough valley of Big Pine 
Creek and is a characteristic feature of nearly all the glaciated valleys 
of the High Sierra. 

To account for these steps and basins, Penck makes further applica- 
tion of his rule of adjusted cross-sections. He points out that where 
a tributary glacier comes in, there must be an increase in depth or in 
width of the main trough if the rate of flow is to remain the same above 
and below the junction. It would, perhaps, be more accurate to say 
that there will be an increase in the rate of flow and a thickening of the 
ice, particularly up-glacier, in the main valley until deepening of the 
trough, due to these conditions, offsets their effects on the motion and 
thickness of the ice. He argues, further, that the bottom of the trough 
at such sites can have a reversed slope as long as the forward surface 
slope of the glacier is considerably greater than that of the reversed 
rock slope at the bottom. A third point he makes is that the glacial 
trough develops uniformly only in homogeneous rocks, and that steps 
and a narrower, deeper trough develop in consequence of the presence 
of highly resistant rocks. Finally, he refers to the fact that the valley 
glacier has a maximum volume, hence maximum erosive effectiveness, at 
or near the névé line, and that the volume diminishes progressively, if 
not uniformly, to zero at its terminus. Hence, the slope of the rock bed 
under the lower end of a glacier may be reversed, provided that in a 
series of cross-sections of the glacier, diminishing toward its end, the 
surface of the ice is indicated as so steep that the line of the center of 
gravity shows a continuous descent. In general, other writers who dis- 
cuss this phenomenon refer to Penck, or content themselves with ascrib- 


26 W. H. Hobbs: Characteristics of existing glaciers. New York, 1911, 1922, pp. 132- 
137; gives further details and cites specific observations. 
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ing the development of the glacial stairway to differences in joint- 
structure and in the nature of the rock that was excavated. 

All the factors enumerated by Penck are unquestionably significant. 
However, no tributary glacier of sufficient size to be of any consequence 
joined the glacial trough of the fork of Big Pine Creek below Palisade 
Glacier; the trough does not vary in width significantly; and its whole 
length is carved in essentially similar rock material—granite, with a 
small inclusion of diorite and gabbro just below the lake farthest down 
the valley. 

Hence, it would appear that the development of the glacial staircase 
is not finally dependent on these exterior and fortuitous circumstances 
and conditions; that instead, it is a normal phase in the process of en- 
largement and deepening by glacial erosion of a valley that was origi- 
nally opened by stream erosion. Where glaciation is initiated in moun- 
tains of the middle latitudes, stream valleys will normally be in the 
stages between youth and maturity. Their longitudinal profiles will 
show steep descents for the whole length of what the British term the 
mountain track of the stream. On the other hand, the final effect in the 
excavation of the glacial trough is the development of a low gradient 
of its bottom. Hobbs,** quoting Nussbaum,”* shows clearly the fact 
of this marked difference between the longitudinal profiles of stream 
valleys and glacial troughs but gives no indication that such difference 
is significant for interpretation of glacial step development. 

The longitudinal profile of a mountain stream valley is wholly un- 
suited to the accommodation of a valley glacier. The stream has small 
volume, great fluctuations, and swift flow; the glacier has great volume 
and slow rate of flow. Therefore, every excessively steep declivity in the 
bed of the stream valley, independent of variations in the rock structure, 
will be a site for the development of roches moutonnées. On these the 
contrasted kinds of glacial erosion—abrasion on the stoss side, plucking 
on the lee side—as postulated for the retreat of the cross-wall at the 
head of the glacial trough, will be effective. It is indicated also, from 
the fact that the treads below the risers lengthen as one goes down-valley, 
that minor declivities present in the original stream valley are normally 
eliminated by glacial action. Their plucked fronts retreat until they 
disappear by merging with the reversed slope of the more deeply ex- 
cavated tread below a greater declivity up-valley. In this manner, a 
series of major declivities are developed. The sites for these greater 


2 W. H. Hobbs: Characteristics of existing glaciers. New York, 1910, p. 68, fig. 31. 
%F. Nussbaum: Die Tiiler der Schweizeralpen, Bern, 1910, pl. 3. 
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risers will probably be determined by the ratio between the rate of glacial 
erosion and the volume of rock to be excavated and, in some degree, by 
variations in the rock structure. 

As long as the glacial occupation of the valley persists in maximum 
volume, the risers of the several rock steps must continue to retreat. 
The ultimate effect should be the complete elimination of the rock steps 
in the trough. Their vertical measure would then serve to increase the 
height of the wall at the cirque head, as in Figure 10. Where the rock 
structure is only little resistant to the glacial processes, as in the Galiano 
Glacier valley and in the Lauterbrunnen valley, Switzerland, this result 
may be accomplished rather rapidly. Where, however, the rock is pre- 
vailingly granite, or its equivalent in resistance, as in the High Sierra, 
the steps persisted throughout the period of glaciation. The broad 
extent of the west slope of the Sierra highlands, with elevations high 
enough for glaciers, and, in consequence of these conditions, the large 
volume of rock subject to excavation there before a uniformly graded 
glacial trough could be cut, account for the remarkable development of 
the phenomenon of glacial steps and lakes in those areas. 

In the above discussion it has been assumed that the maximum extent 
of glaciation in a particular valley persisted until its rapid extinction. 
Such a history would, however, be exceptional. During the advance 
and retreat of the ice tongue, intermediate stages probably would be 
maintained over considerable periods. 

In accordance with Penck’s formulation, these differences in the volume 
and length of the glaciers would result in the concentration of maximum 
erosion at different places in the length of the valley. Recurrent glacia- 
tions would still further complicate the problem of accounting for the 
distribution of the steps and lakes left at the close of glaciation. Despite 
these complications, it may be expected that the steps will be closer spaced 
and steeper near the head of the valley, as is true of those in the Big 
Pine Creek valley. This conclusion follows from the fact that the origi- 
nal stream gradient would be flatter in the lower end of the valley, and 
would, accordingly, have fewer declivities to initiate the development of 
glacial steps; and from the fact that, because of the low gradient, the 
depth of rock subject to excavation in reaches at the lower end of a valley 
is not sufficiently great to provide the vertical element necessary for 
pronounced steps at short intervals. 
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INTRODUCTION 


An open flow of 3,500,000 cubic feet of natural gas per day in the 
upper part of the Tully limestone in a well northwest of Richburg in 
Allegany County, New York, in September, 1928, started an active drill- 
ing campaign which has extended over a large part of west-central New 
York and adjacent parts of nerth-central Pennsylvania. This led to the 
discovery of the Wayne-Tyrone gas pool in Schuyler County, New York, 
in March, 1930; the Tioga pool in Tioga County, Pennsylvania, in Sep- 
tember, 1930; and the Hebron pool in Potter County, Pennsylvania, in 
November, 1931. In these three pools the gas occurs in the Oriskany 


sandstone. 


1 Manuscript received by the Secretary of the Society, February 28, 1938, 
2 Published with the permission of the State Geologist of Pennsylvania. 
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From a great many of the wells complete sets of drill cutting samples 
have been taken, so that accurate sections of the strata penetrated can be 
constructed. Through the courtesy of companies and individual operators 
engaged in drilling in this area, samples from a considerable number of 
wells have been made available to the writer for examination in connection 
with a study of the subsurface stratigraphy of the northern Appalachian 
oil and gas province, started in 1925 under the auspices of the Pennsyl- 
vania Topographic and Geologic Survey. 

In the laboratory each sample is first spread out on a large watch glass 
and examined with a hand lens of 244% magnification. Then a small 
portion is placed on a two-inch watch glass, and thoroughly washed with 
water to free the particles from adhering clay and other fine material. 
The particles are then examined under water with a pocket lens of 12 
magnification and tested with dilute hydrochloric acid for the presence of 
carbonates. It was found that the different types of rock particles can 
be more readily distinguished under water than in the dry state. All 
limestones are treated with dilute hydrochloric acid, and a qualitative test 
is made on them to determine the relative content of magnesium carbonate. 
The insoluble residues are examined under a binocular microscope. 

Correlations have had to be based largely upon lithologic characteristics. 
The particles are of such small size that the fragments of macroscopic 
fossils which they may contain are, as a rule, not identifiable. Although 
microscopic fossils are occasionally observed in the samples that have 
come to the writer’s attention, they are not conspicuous. 

For the present paper the sections obtained from 12 wells have been 
selected to show the subsurface stratigraphy along the Pennsylvania-New 
York line between the Allegheny and the Susquehanna rivers. The loca- 
tions of these wells, numbered from 1 to 12 consecutively, starting at the 
west, are shown on the map, Figure 1. Well No. 12 is 150 miles east of 
No. 1, and No. 6 is 40 miles north of No. 4. 

The sections furnished by the 12 wells are shown graphically in Figure 2 
in as much detail as the scale permits. They have been lined up on the 
base of the Onondaga limestone, a horizon that is readily recognizable 
throughout the area under discussion. Over the western half the sections 
include the strata between the top of the Chemung and the base of the 
Medina. In the eastern half one of the sections shows the Salina group, 
and the others stop a short distance below the Oriskany sandstone. A de- 
tailed description of each section is given below, followed by a summary 
of the conclusions that can be drawn from the data presented. 
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DETAILED DESCRIPTION OF SECTIONS 
SECTION NO. 1 


Section No. 1 was obtained in the Ulf No. 1 well of the Fidelity Petro- 
leum Corporation, located three-fourths of a mile N. 10° E. from the 
northwest corner of the borough of Tidioute in Warren County, Pennsyl- 
vania, at an elevation of 1642 feet above sealevel. The well, which was 
completed December 29, 1928, started 80 feet below the base of the 
Olean conglomerate. It encountered an open flow of 100,000 cubic feet 
of gas per day in the White Medina. A complete set of cuttings was not 
kept, but a sufficient number of samples were available so that, in conjunc- 
tion with the driller’s log, it has been possible to compile the following, 
somewhat generalized, section : 


Record of Ulf No. 1 Well 


Thickness Depth (feet) 
(feet) Description of strata Top Bottom 

20 Fine-grained greenish-gray argillaceous sandstone (Ve- 
21 Fine to medium-grained light-gray sandstone.......... 555 576 

37 Fine to medium-grained greenish-gray sandstone (Ve- 

Top of Chemung group (approximate)................ 775 

9 Fine-grained light-gray sandstone, slightly calcareous... 1310 1319 
23 Fine-grained light-gray sandstone (Queen sand)........ 1406 1429 

40 Very fine grained light brownish-gray sandstone (Speech- 

84 Very fine, crystalline, medium to dark brownish-gray 
44 Very fine, crystalline, grayish-brown cherty limestone... 4290 4334 
Bottom of Onondaga limestone....................... 4334 


15 Medium-grained light-gray sandstone, somewhat cal- 
careous (Oriskany). (Some salt water was en- 


countered in this sandstone.)...................... 4334 4349 
Top of Salina group (including Cobleskill)............. 4349 
296 Very fine, dense, grayish-brown argillaceous magnesian 
5 Very fine, crystalline, light-gray anhydrite............. 4645 4650 
70 Very fine, dense, grayish-brown argillaceous magnesian 


35 Light-gray shale, somewhat calcareous, with some inter- 
bedded grayish-brown argillaceous magnesian limestone 4720 4755 


wee. 
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Thickness Depth (feet) 
(feet) Description of strata Top Bottom 
5 Medium-grained, crystalline light-gray salt............ 4755 4760 
70 Very fine, dense, light grayish-brown argillaceous magne- 
5 Medium-grained crystalline, light-gray salt............ 4830 4835 
95 Very fine, dense, light grayish-brown argillaceous magne- 
35 Light-gray clay, somewhat calcareous................. 4955 4990 
5 Medium-grained, crystalline light-gray salt............ 4990 4995 
60 Light-gray clay, somewhat calcareous................. 4995 5055 
88 Dark argulaccous limestone... 5055 5143 
290 Black and brown magnesian limestone. (Salt water was 
encountered at 5350 and 5386-5391 feet.).......... 5150 5440 
151 Interbedded bluish-gray shale and gray to brown lime- 
6 Fine-grained almost white sandstone, somewhat calca- 


107 Fine-grained light reddish-brown sandstone, slightly 
calcareous. (15,000 cubic feet of gas was encountered 


43 Very fine grained light greenish-gray sandstone......... 5707 ~=5750 


25 Very fine grained light-gray sandstone, slightly calca- 
reous (Whirlpool sandstone). (100,000 cubic feet of 


gas was encountered in this sandstone.)............ 5757 ~=—-5782 


SECTION NO. 2 


Section No, 2 represents the record of the deep well completed by the 
Star Oil Company during the Fall of 1922 at Youngsville, Brokenstraw 
Township, Warren County, Pennsylvania. The well started a short dis- 
tance below the top of the Chemung at an elevation of 1208 feet above 
sealevel. No commercial production of oil or gas was encountered. The 
writer has not seen any samples of cuttings from this well. The follow- 
ing correlations of the strata penetrated are based upon the driller’s log 
published by Johnson.* 


2M. E. Johnson: Tidioute Oil Pool, Warren County, Pennsylvania. Mimeographed 
Bulletin No. 79, Pennsylvania Topogr. and Geol. Survey, July 17, 1923, pp. 18-15. 
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Record of Youngsville Deep Well 


Depth (feet) 


Top Bottom 
Chemung, Portage, and Hamilton groups....................... 0 3385 
Glade sand.......... 669— 679 
Salina group including Cobleskill limestone...................... 3520 4210 
Salt...............3885—3910 


SECTION NO. 3 


From 1924 to 1930 the Elko Oil and Gas Company and its successor, 
the Arkansas Fuel Oil Company, drilled three deep wells, one and one-half 
miles south of Randolph in Randolph Township, Cattaraugus County, 
New York, on the Hotchkiss and the Crandall farms. Hotchkiss No. 1, 
which started at an elevation of 1764 feet above sealevel, had penetrated 89 
feet of red Medina when the well was abandoned at a depth of 4684 feet, 
because of a lost string of tools. An open flow of 300,000 feet of gas per 
day was reported in the last 10 feet drilled. Crandall No. 1, which started 
at an elevation of 1770, was abandoned in the Lockport dolomite at a 
depth of 4458 feet, when the casing collapsed. Hotchkiss No, 2, starting 
at an elevation of 1760 feet, was abandoned at a depth of 4484 on account 
of drilling difficulties after reaching the base of the Lockport. 

A complete set of samples of the cuttings from Hotchkiss No. 2, from 
a depth of 478 feet to the bottom of the hole, was taken. The following 
detailed record is based upon the study made of these samples. According 
to Tester,® the well started at about the top of the Chemung. 


Record of Hotchkiss No. 2 Well 


Thickness Depth (feet) 
(feet) Description of strata Top Bottom 
Top of Chemung group (approximate)................ 0 
16 Greenish-gray sandy shale with some interbedded dark 
reddish-brown sandy shale.......................4. 478 494 
8 Fine to medium-grained greenish-gray sandstone, some- 


3A. C. Tester: Written communication, June 20, 1931. 


a 
| 
px 
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Thickness 
(feet) 


40 
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Description of strata 

Greenish-gray sandy shale with some interbedded dark 

reddish-brown sandy 
iGreenish-gray sandy shale... 
Fine-grained light greenish-gray sandstone............. 
Greonish-gray sandy shale... 
Fine-grained light greenish-gray sandstone, sparingly 

Very fine grained light greenish-gray sandstone, fossilifer- 


Fine-grained light-gray sandstone (Clarendon sand)... .. 
Fine-grained light-gray sandstone..................... 
Light greenish-gray sandy shale...................... 
Very fine grained light greenish-gray sandstone (Gartland 

Gray shale, sparingly fossiliferous..................... 
Very fine grained light greenish-gray sandstone......... 
Gray shale, sparingly fossiliferous..................... 
Very fine grained greenish-gray argillaceous sandstone, 

Gray to dark-gray shale with some interbedded thin 

layers of very fine-grained light-gray somewhat calcare- 

Gray shale with some interbedded thin layers of very 

fine-grained light-gray somewhat calcareous sandstone. 


Interbedded gray shale and greenish-gray sandy shale... 
Very dark gray, almost black shale with some interbedded 

light greenish-gray sandy shale..................... 
Gray shale with some interbedded light-gray sandy shale 

and very fine grained sandstone.................... 


607 


Depth (feet) 
Top 


Bottom 


— 
= 
= 
502 542 
8 542 550 
8 550 558 
56 558 614 
32 614 646 
16 i 
646 662 
24 662 686 
8 
16 694 710 
8 710 
64 718 782 i 
8 782 790 f 
8 790 798 
32 798 830 
24 
830 854 
186 854 1040 
35 1040 1075 
91 1075 1166 
56 1166 1222 
84 1222 1306 
28 1306 1334 
24 1334 1358 
14 1358 1372 
7 
1372 1379 
98 
1379 1477 
21 1477. 1498 
21 
1498 1519 
7 candy 1682 
28 1582 1610 
91 1610 1631 
260 1631 1891 
49 
1891 1940 
78 
1940 2018 
21 2018 2039 
2039 
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Thickness Depth (feet) 
(feet) Description of strata Top Bottom 


14 Gray shale with some interbedded grayish-black shale... 2039 2053 
7 Gray shale, in part calcareous.....................05: 2060 2067 

50 Greenish-gray sandy shale with some interbedded gray 
10 Very fine grained greenish-gray sandstone.............. 2127 

50 Greenish-gray sandy shale with some interbedded gray 

80 Gray shale with some interbedded greenish-gray sandy 

10 Very fine grained greenish-gray sandstone, somewhat 

57 Greenish-gray sandy shale with some interbedded black 

37 Gray shale with some interbedded gray sandy shale.... . 2417 2454 

“14 Gray shale with some interbedded black shale.......... 2454 2468 

105 Gray shale with some interbedded black shale.......... 2475 2580 
Top of Rhinestreet black shale....................... 2580 

21 Gray shale with some interbedded black shale.......... 2587 2608 

28 Very dark gray shale with some interbedded black shale. 2655 2683 

Bottom of Rhinestreet black shale.................... 2728 
Dark-gray shale, slightly calcareous and_ sparingly 
fossiliferous, with some interbedded black shale 
43 Grayish-black shale (Middlesex)...................... 2868 2911 
42 Dark-gray shale with some interbedded thin layers of 
grayish-brown limestone (West River)............... 2911 2953 
7 Very fine, crystalline, grayish-brown limestone (Genun- 
42 Dark-gray shale with some interbedded thin layers of 


7 Very fine, crystalline, dark grayish-brown limestone 


Thickness 
(feet) 
42 


45 


46 
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Depth (feet) 


Description of strata Top 

Dark-gray shale, slightly calcareous, with some inter- 
bedded thin layers of grayish-brown limestone........ 3009 
Very dark gray shale, slightly caleareous.............. 3051 
Brownish-black shale, slightly caleareous.............. 3100 
Very dark gray shale, slightly caleareous.............. 3198 
Brownish-black shale, somewhat caleareous............ 3212 
Very dark gray shale, slightly caleareous.............. 3219 
Grayish-black shale, slightly caleareous................ 3240 
Very dark gray shale, slightly caleareous.............. 3247 
Black shale, slightly caleareous....................... 3254 
Very dark brownish-gray shale, somewhat calcareous.... 3331 
Very fine, crystalline, dark brownish-gray limestone..... 3352 
Very dark brownish-gray shale, somewhat calcareous.... 3359 


Very fine, crystalline, grayish-brown cherty limestone 
Very fine dark grayish-brown siliceous magnesian lime- 
Very fine dark grayish-brown argillaceous magnesian 
Very fine, dense, very dark brownish-gray argillaceous 
magnesian limestone containing some anhydrite... ... 3588 
Very fine, dense, dark grayish-brown argillaceous magne- 
sian limestone containing some anhydrite............ 3687 
Very fine, dense, brownish-gray to dark brownish-gray 
argillaceous and siliceous limestone containing a little 
Very fine, dense, light brownish-gray argillaceous magne- 
sian limestone containing a little anhydrite.......... 3823 
Very fine, dense, grayish-brown argillaceous limestone. . 3863 
Interbedded light bluish-gray shale and very fine, dense, 
grayish-brown argillaceous limestone. (A few medium- 
sized well-rounded quartz grains occur at this horizon) 3873 
Interbedded bluish-gray shale and very fine, dense, 
brownish-gray argillaceous limestone containing a 


Greenish-gray shale with a very little interbedded red 
shale; contains a little anhydrite.................... 3923 


Greenish-gray shale with considerable interbedded 


Greenish and bluish-gray shale, somewhat caleareous.... 3993 


Gray to dark-gray shale, somewhat calcareous.......... 4030 
Very fine, dense, dark grayish-brown very argillaceous 


Bottom 


3051 
3100 
3198 
3212 
3219 
3240 
3247 
3254 
3331 
3352 
3359 
3366 
3380 
3380 


3534 


3543 


3588 


3687 


3733 


3823 


3863 


3873 


3893 


3923 
3973 
3993 


4030 
4070 


4120 


|| 
49 
98 
14 
7 
21 
7 
77 
21 
7 
7 
14 
154 
9 
= 
99 
= 
90 
40 
10 
20 
30 
20 
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Thickness Depth (feet) 
(feet) Description of strata Top Bottom 
20 Very fine, dense, dark grayish-brown argillaceous lime- 
stone containing a little salt........................ 4120 4140 
10 Very fine, dense, brownish-gray argillaceous limestone 
with some interbedded bluish-gray shale............ 4140 4150 
30 Very fine, dense, brownish-gray argillaceous limestone.. 4150 4180 
30 Interbedded dark greenish-gray shale and very fine, 


dense, brownish-gray argillaceous limestone.......... 4180 4210 
4210 
90 Very fine, dense, dark brownish-gray argillaceous, dolo- 
184 Very fine, crystalline, dark grayish-brown dolomitic 


Samples of the cuttings obtained from the lower part of the Hotchkiss 
No. 1 well showed that the bottom of the Lockport dolomite was en- 
countered at a depth of 4455 feet and the top of the Medina group at 
4595 feet. This gives a thickness of 140 feet for the Clinton group, 
including the Rochester shale, at the Randolph locality. The Medina was 
penetrated to a depth of 89 feet in No. 1 well. 

The three prominent sandstone members encountered in the upper part 
of the Chemung in the Hotchkiss well have been correlated with the Glade, 
the Clarendon, and the Gartland oil sands, respectively, of the Warren, 
Pennsylvania, district, with which they correspond in stratigraphic posi- 
tion. The base of the Chemung group has been placed at the bottom of a 
black shale which has been correlated with the Dunkirk shale * of the Lake 
Erie section. Inasmuch as the well is 30 miles southeast of Dunkirk, New 
York, where the base of the shale crops out at lake-level, the bed has an aver- 
age dip of 30 feet per mile to the southeast between Dunkirk and Randolph. 
The base of the Portage group has been identified by the presence of a 
thin bed of limestone, which, it is believed, represents the Genundewa 
horizon. The Genesee black shale apparently is absent, as would be ex- 
pected, as at Eighteen Mile Creek, along Lake Erie, it is less than an 
inch thick.’ 


4D. D. Luther: Stratigraphy of Portage Formation between the Genesee Valley and 
Lake Erie. New York State Mus. Bull. 69, 1903, pp. 1025, 1026. 

G. H. Chadwick: The stratigraphy of the Chemung group in western New York. New 
York State Mus. Bull. 251, 1924, p. 149. 

54. W. Grabau: Stratigraphic relationships of the Tully limestone and the Genesee 
shale in eastern North America, Bull, Geol. Soc. Am., vol. 28, 1917, p. 949. 
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SECTION NO. 4 


Section No. 4 was obtained in well No. 3737 of the United Natural Gas 
Company, also commonly referred to as the Kane deep well, located four 
miles south of Kane and 8000 feet S. 55° W. from Lamont Station on 
Warrant 3788, Highland Township, Elk County, Pennsylvania, at an 
elevation of 1836 feet above sealevel. Drilling was started in 1926 and 
completed in 1928. No commercial production of oil or gas was encoun- 
tered below the Kane sand. The following record is based upon the study 
made of a complete set of samples of the cuttings: , 


Record of Well No. 3737 of the United Natural Gas Company 


Thickness Depth (feet) 
(feet) Description of strata Top Bottom 
38 Medium- to coarse-grained sandstone; contains rounded 
quartz pebbles up to 65 millimeters in diameter. ..... 0 38 


42 Medium- to coarse-grained light greenish-gray sandstone; 
contains discoidal quartz pebbles up to 127 millimeters 


10 Greenish-gray shale, fossiliferous..................... 80 90 
5 Medium-grained light-gray sandstone with occasional 
quartz grains up to 2.5 millimeters in diameter, calcare- 

10 Greenish-gray shale, fossiliferous...................... 95 105 
95 Medium-grained light-gray sandstone with occasional 
quartz grains up to 2.5 millimeters in diameter, spar- 

ingly fossiliferous and in part caleareous............. 105 200 

Greenish-gray sandy 230 235 


55 Fine-grained light greenish-gray sandstone, sparingly 

fossiliferous and somewhat calcareous in lower part.. 235 290 
10 Greenish-gray sandy shale, slightly caleareous.......... 290 300 
40 Fine- to medium-grained light greenish-gray sandstone, 

slightly calcareous; contains carbonized plant re- 


15 Greenish-gray to grayish-brown sandy shale............ 340 355 
15 Fine-grained light greenish-gray sandstone, calcareous 
Bottom of Oswayo formation. 370 
35 Very fine-grained brick-red to reddish-brown argilla- 
10 Very fine grained reddish-brown argillaceous sandstone.. 415 425 
37 Reddish-brown candy 437 474 
18 Greenish-gray shale and sandy shale.................. 474 492 


24 Brick-red to reddish-brown sandy shale................ 492 516 
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Thickness 
(feet) 
18 
18 


24 


Depth (feet) 


Description of strata Top Bottom 

Very fine grained reddish-brown argillaceous sandstone.. 516 534 
Greenish-gray sandy shale; contains carbonized plant 

Very fine grained reddish-brown argillaceous sandstone.. 552 558 
Reddish-brown eandy Bhale........ 594 600 
Very fine grained dark grayish-brown to greenish-gray 

sandstone, somewhat calcareous.................... 600 612 
Very fine grained reddish-brown argillaceous sandstone.. 612 639 
Very fine grained brick-red argillaceous sandstone. ..... 653 660 
Very fine grained brick-red argillaceous sandstone... ... 683 689 
Reddish-brown sandy shale......................008. 689 697 
Bottom of Cattaraugus formation.................... 697 
Greenish-gray sandy shale, fossiliferous................ 697 812 
Very fine grained dark grayish-brown to greenish-gray 

sandstone, very fossiliferous......................4. 812 824 
Greenish-gray sandy shale, fossiliferous................ 824 860 
Greenish-gray sandy shale with some interbedded thin 

layers of very fine grained light greenish-gray sand- 

Greenish-gray shale with some interbedded thin layers 

of very finegrained greenish-gray sandstone, fossiliferous 944 998 
Greenish-gray sandy shale with some interbedded very 

fine grained light greenish-gray sandstone, fossiliferous. 998 1028 
Greenish-gray shale with some interbedded very fine 

grained light brownish-gray sandstone, fossiliferous... 1028 1040 
Very fine grained light brownish and greenish-gray sand- 

stone, Sightly 1040 1046 
Dark purplish-gray sandy shale with some interbedded 

greenish-gray sandy 1046 
Purplish-gray shale with a few interbedded thin layers of 

very fine grained greenish-gray sandstone, fossiliferous.. 1082 1130 
Greenish-gray sandy 1130 
Fine-grained light greenish-gray sandstone, fossiliferous 

Greenish-gray sandy shale with some interbedded thin 

layers of very fine grained light greenish-gray sand- 


6 
6 
30 
6 
12 
27 
14 
7 
11 
12 
8 
115 
12 
36 
12 
72 
54 
= a4 
oon 
6 
6 
6 
48 
6 
18 
60 
a 


Thickness 
(feet) 
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24 
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Depth (feet) 
Description of strata Top Bottom 


Very fine grained light greenish-gray sandstone, fossilifer- 

ous and somewhat calcareous................02200- 1244 
Greenish-gray shale with some interbedded thin layers of 

very fine grained light greenish-gray sandstone, which 

are somewhat fossiliferous and calcareous....... Seanad 1250 
Greenish-pray sandy shale... ... 1298 
Greenish-gray shale with some interbedded thin layers 

of very fine grained light greenish-gray sandstone, 

which are fossiliferous and somewhat calcareous. ..... 1322 
Greenish-gray sandy shale with some interbedded thin 

layers of very fine-grained light greenish-gray sand- 

stone, which are fossiliferous and somewhat calcareous 1375 
Fine-grained light greenish-gray sandstone, somewhat 


Fine-grained light greenish-gray sandstone............. 1395 
Very fine grained greenish-gray sandstone............. 1406 
Very fine grained greenish-gray sandstone............. 1436 
Greenish-gray shale with some interbedded fine- to 

coarse-grained light-gray sandstone................. 1442 
Fine-grained light-gray sandstone with occasional quartz 

grains up to 3 millimeters in diameter (Clarendon 

Fine-grained light greenish-gray sandstone (Cherry 

Greenish-gray shale with some interbedded thin layers 

of fine-grained light greenish-gray sandstone, in part 

1682 


Fine-grained light-gray 1750 


Greenish-gray shale with some interbedded thin layers 
of fine-grained light greenish-gray sandstone and 
greenish-gray sandy shale, fossiliferous.............. 1860 
Greenish-gray shale with some interbedded thin layers 
of fine-grained grayish-brown sandstone............. 1948 
2006 


Greenish-gray shale with some interbedded sandy shale.. 2018 
Greenish-gray shale with some interbedded thin layers 


of fine-grained grayish-brown sandstone, fossiliferous. . 2070 
2144 


1250 


1298 
1322 


1375 


1385 


| 
= 
| 
1390 
1395 
1400 
1406 
1412 
1412 
24 1436 
6 1442 
41 
1483 
10 
1493 
57 1550 
20 
1570 
112 1682 
68 
1750 
5 1755 
105 1860 
88 
1948 
22 
1970 
36 2006 
12 2018 
52 2070 
74 
2144 


Thickness 
(feet) 


5 
36 


60 


Depth (feet) 
Description of strata Top Bottom 
Greenish-gray sandy 2154 2159 
Fine-grained grayish-brown sandstone, fossiliferous (Kane 

Greenish-gray sandy shale with some interbedded thin 

layers of fine-grained grayish-brown sandstone, spar- 

Very fine grained grayish-brown sandstone with con- 

siderable interbedded greenish-gray sandy shale...... 2255 2265 
Greenish-gray shale, sparingly fossiliferous............. 2265 2275 
Greenish-gray sandy 2382 2442 
Greenish-gray to gray shale........................-. 2442 2485 
Dark-gray sandy shale, fossiliferous................... 2485 2497 
Greenish-gray shale with some interbedded thin layers 

of very fine grained grayish-brown sandstone......... 2610 2642 
Gray and greenish-gray shale........................ 2642 2776 
Gray and greenish-gray shale with interbedded thin 

seams of grayish-black shale and very fine grained 

light greenish-gray 2776 =©2995 
Gray and greenish-gray shale with some interbedded 

greenish-gray sandy shale and a few thin seams of 

grayish-black shale........ 3005 3228 
3228 
Very fine grained light greenish-gray sandstone, slightly 

caleareous; contains fragments of plant remains in 

Very fine grained light greenish-gray sandstone......... 3293 3306 
Gréentsh-eray 3306 3312 
Very fine grained light greenish-gray sandstone......... 3312 3318 
Very fine grained light greenish-gray sandstone, slightly 

Very fine grained light greenish-gray sandstone, some- 

Gray and greenish-gray shale with some interbedded thin 

layers of very fine grained light greenish-gray sand- 

Bottom of Munda sandstone. 3480 
Gray and greenish-gray shale with some interbedded 

greenish-gray sandy 3480 3632 
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10 
10 
73 
60 
43 
12 
113 
134 
219 
10 
223 
25 
13 
18 
12 
90 
4 
152 
24 


Thickness 
(feet) 
6 
256 


12 
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Depth (feet) 
Description of strata Top Bottom 
Very fine grained dark grayish-brown sandstone........ 3656 3662 
Gray and greenish-gray shale with a little interbedded 
greenish-gray sandy shale and very fine grained light 
Bottom of Gardeau flags and shale................... 3918 
Very fine grained dark grayish-brown sandstone........ 3918 3930 
Bottom of 3930 
Gray and greenish-gray shale........................ 3930 3966 
Very fine grained dark grayish-brown sandstone........ 3966 3972 
Very fine grained dark grayish-brown sandstone........ 3995 4015 
Bottom of Hatch flags and shale..................... 4060 
Dark-gray shale with some interbedded grayish-black 
Bottom of Rhinestreet black shale.................... 4189 
Gray shale with some interbedded very fine grained dark 
Grayish to brownish-black shale...................... 4250 
Grayish to brownish-black shale...................... 4274 
Bottom of Middlesex black shale..................... 


36 
6 
23 
20 
45 | 
42 
18 
18 
5 
10 
33 
12 
6 
12 
6 
6 
13 
13 
12 
30 
12 
18 
6 
6 
6 ] 
48 
6 
34 
6 
12 
88 
4602 


Thickness 
(feet) 


28 
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epth (feet) 


Description of strata Top Bottom 

Very dark gray eandy shale... ...... 4737 4773 
Grayish-black shale, somewhat caleareous............. 4773 4803 
Bottom of West River black shale.................... 4803 
Very dark gray sandy shale, caleareous (Genundewa 

Grayish-black shale, somewhat calcareous............. 4809 . 4872 
Bottom of Genesee black shale. 4872 
Very fine, crystalline, dark brownish-gray limestone 

Grayish-black shale, slightly caleareous................ 4878 4884 
Very dark gray shale, slightly caleareous.............. 4884 4890 
Grayish-black shale, slightly caleareous................ 4890 4896 
Dark to very dark gray shale, slightly caleareous....... 4896 4955 
Grayish-black shale, calcareous.....................- 4955 4961 
Very dark gray shale, somewhat calcareous............ 4961 4979 
Gray shale, slightly 4979 4990 
Dark-gray shale, somewhat calcareous................. 4990 5080 
Very dark gray shale, slightly caleareous.............. 5080 5104 
Very dark gray shale, somewhat calcareous............ 5116 5152 
Grayish-black shale, somwhat calcareous.............. 5158 5167 
Black shale with a thin seam of dense light gray lime- 

Black shale, calcareous, with a thin seam of dense nearly 

black argillaceous limestone near base............... 5274 5296 
Dark brownish-gray shale, very calcareous............. 5296 5306 
Very fine, crystalline, dark-gray limestone............. 5312 5316 
Bottom of Hamilton group. 5318 
Very fine, crystalline, light-gray to dark brownish-gray 

cherty limestone (Onondaga).....................-- 5318 5400 
Very fine, crystalline, gray to dark-gray limestone 

Very fine, crystalline, brownish-gray siliceous magnesian 

limestone, somewhat cherty 5420 5448 


| 
age 
2 
6 
63 
6 
59 
i 
6 
6 
22 
a 


32 
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617 


Depth (feet) 
Description of strata Top Bottom 


Very fine, crystalline, brownish-gray siliceous lime- 
stone, somewhat cherty; a little salt water at 5476 


Very fine, crystalline, grayish-brown to dark-gray siliceous 
magnesian limestone, somewhat cherty........ bieeiters 5498 
Very fine, crystalline, dark brownish-gray siliceous lime- 
Very fine, crystalline, light-gray to dark brownish-gray 
siliceous magnesian 5528 
Very fine, crystalline, light to dark grayish-brown 
siliceous limestone, somewhat cherty................ 5560 
Very fine, crystalline, light to dark grayish-brown siliceous 
Bottom of Tonoloway 
Very fine, dense, gray argillaceous limestone........... 5578 
Very fine, dense, grayish-brown argillaceous and siliceous 


Very fine, dense, grayish-brown argillaceous limestone... 5656 
Very fine, dense, light to dark grayish-brown argillaceous 


Very fine, crystalline, brownish-gray magnesian lime- 

stone with much associated anhydrite............... 5705 
Very dark gray dolomitic shale....................... 5710 
Dark-gray slightly calcareous shale................... 5746 
Medium to coarse crystalline salt..................... 5758 
Dark-gray slightly calcareous shale................... 5788 
Very fine, dense, light-gray argillaceous limestone....... 5801 


Interbedded very fine, dense, light-gray argillaceous lime- 
stone and dark brownish-gray magnesian limestone... 5849 


Very fine, dense, light to dark grayish-brown argilla- 
ceous magnesian 5910 
Very fine, dense, brown to dark grayish-brown argilla- 
Very fine, dense, light to dark grayish-brown argillaceous 
Very fine, dense, light to dark grayish-brown argillaceous 
limestone with a little anhydrite.................... 5970 
Very fine, dense, grayish-brown argillaceous magnesian 
Medium to coarse crystalline salt..................0.. 5994 


Very fine, dense, grayish-brown argillaceous limestone.. 6010 


5498 


5504 


|_| 
Thickness f 
| 
|| 
6 
iz 
24 
5528 
= 
5560 
= 
5572 . 
6 
5578 
5578 
24 5602 
54 
5656 
7 
37 
5705 
5 
5710 
24 5734 
12 5746 
12 5758 
12 5770 
5 5775 
13 5788 
6 5794 
7 5801 
48 5849 
5903 
7 5910 
18 
5928 
18 
5946 
24 
5970 
18 
5988 
6 
5994 
16 6010 
5 6015 
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Thickness 
(feet) 


Depth (feet) 


Description of strata Top 
Very fine, dense grayish-brown argillaceous limestone... 6045 
Very fine, dense, grayish-brown argillaceous limestone... 6055 
Very fine, dense, grayish-brown argillaceous limestone... 6075 


Very fine, dense, dark brownish-gray argillaceous lme- 


Light-gray to gray clay and shale, somewhat calcareous. 6100 
Very fine, dense, dark brownish-gray argillaceous magne- 

Brownish-gray clay, somewhat calcareous.............. 6385 
Very fine, dense, dark brownish-gray argillaceous magne- 

Very fine, dense, dark grayish-brown argillaceous lime- 


Dark brownish-gray shale, somewhat calcareous........ 6455 
Bottom of Camillus 

Dark brownish-gray to brownish-black shale, slightly 

Very fine, dense, dark brownish-gray argillaceous magne- 

Dark-gray shale, somewhat calcareous............... . 6525 


Very fine, crystalline, brownish-gray to very dark grayish- 
brown argillaceous magnesian limestone and dolomite. . 6580 
Very fine, crystalline, dark grayish-brown sandy magne- 
Very fine, crystalline, dark brownish-gray siliceous magne- 
Bottom of Lockport 
Dark brownish-gray shale, slightly dolomitic........... 6900 
Very fine, crystalline, dark brownish-gray argillaceous 
Dark brownish-gray shale, somewhat dolomitic......... 6940 
Very fine, crystalline, dark brownish-gray argillaceous 


Grayish-purple shale with some interbedded greenish- 

Greenish-gray shale with some interbedded grayish- 


Grayish-green shale with a few interbedded thin layers 
of very fine, crystalline, light-gray limestone......... 7021 


Bottom 
6050 
6055 
6060 
6075 


4 
5 
5 
15 
10 
10 
270 
15 
35 
25 
5 phoned 
25 
5 6485 
6490 
15 
20 
6525 
55 6580 
240 
45 
6865 
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a 24 6924 
16 
15 6955 
13 
6968 
ERE 10 6978 
14 
e002 
29 
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Depth (feet) 


Description of strata Top 
Grayish-purple shale with some interbedded greenish- 
Very fine, crystalline, gray magnesian limestone (Rey- 
Reddish-brown sandy shale..................... 
Very fine grained reddish-brown sandstone............. 7080 
Very fine grained red and pink sandstone.............. 7095 
Very fine grained red and pink sandstone.............. 7108 
Very fine grained light-pink and gray sandstone........ 7120 
Interbedded reddish-brown and greenish-gray sandy 
Very fine grained light-pink and greenish-gray sand- 
Very fine grained light greenish-gray sandstone......... 7146 
Dark greenish-gray sandy shale...................... 7151 
Very fine grained light-gray sandstone................. 7153 
Very fine grained light greenish-gray sandstone......... 7162 
Greenish-gray sandy 7163 
Very fine grained light greenish-gray sandstone......... 7167 
Very fine grained light greenish-gray shale............. 7170 
Very fine grained light-gray sandstone (Whirlpool sand- 
Reddish-brown sandy 7242 
Reddish-brown sandy shale, somewhat calcareous...... . 7545 


Well stopped in Queenston shale at a total depth of........... 


Bottom 


7070 


7074 
7076 
7076 
7080 
7095 
7107 
7108 
7113 
7120 
7126 


7136 


7143 
7146 
7151 
7153 
7161 
7162 
7163 
7167 
7168 
7170 
7174 
7175 


7242 
7242 
7545 
7822 
7930 
7930 


The stratigraphic positions of the Glade, the Clarendon, and the Gart- 
land oil sands of the Warren district, 20 miles to the northwest, are occu- 


pied by similar sandstones in the Kane deep well. 


This correlation has 


been verified by lining up a series of oil and gas well logs, covering the 
intervening distance, on the top and bottom of the Cattaraugus red beds. 
The Cherry Grove sand of southeastern Warren County occurs at about 
the horizon of the Gartland sand farther north. The Kane deep well is in 
the Kane gas pool, and the record, therefore, shows the position in the 
Chemung group of this sand at its type locality. 


620  c. R. FETTKE—SUBSURFACE DEVONIAN AND SILURIAN SECTIONS 


The first black shales observed in the cuttings occur in a zone of gray 
and greenish-gray shale extending from 2776 to 2995 feet. This zone, 
which is characterized by fairly numerous thin seams of interbedded 
grayish-black shale, is believed to occupy the stratigraphic position of the 
Dunkirk black shale of the Lake Erie section. The underlying 10 feet of 
greenish-gray sandy shale probably represent the horizon of the Long 
Beards Riffs sandstone of the Genesee Valley section.6 The base of the 
Chemung group has, therefore, been placed at the bottom of this sandy 
shale at a depth of 3005 feet in the Kane deep well. Similar thin beds of 
black shale occur in the lower Chemung in the Genesee Valley region. 

Although the Portage group as defined in the Kane section has a thick- 
ness of 1804 feet as compared with 1264 feet in the Genesee Valley section, 
the lithologic succession of strata is very similar at the two localities, and 
the various subdivisions identified by Clarke and Luther‘ in the latter 
section can, in a general way, be recognized in the Kane section. 


SECTION NO. 5 


The Bradford Deep Well Company drilled a well that reached the 
Queenston shale, at Derrick City, Foster Township, McKean County, 
Pennsylvania, during the period from 1912 to 1914. The well was begun 
at an elevation of 1576 feet above sealevel in Chemung shales, 125 feet 
below the base of the Cattaraugus formation. No commercial production 
of oil or gas was encountered below the Bradford sand. The following 
correlations of the strata that were passed through are based upon the 
driller’s log published by White * and an examination of a partial set 
of samples of cuttings on file at the office of L. E. Mallory in Bradford, 
Pennsylvania. 


Record of Derrick City Deep Well 


Depth (feet) 
Top Bottom 
Bradford sand, 1120-1198 
Haskill (Smethport of Ashburner) sand, 1550-1570 


6J. M. Clarke and D. D. Luther: Geologic map and description of the Portage and 
Nunda Quadrangles. New York State Mus, Bull. 118, 1908, p. 65. 

7Ibid., p. 48. 

81. C. White: Discussion of the records of some very deep wells in the Appalachian 
Oil Fields of Pennsylvania, Ohio, and West Virginia. Barbour and Upshur Counties and 
Western Portion of Randolph County Report, West Virginia Geol. Survey, 1918, pp. 


xxxii to xxxvii. 
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Depth (feet) 


Description of strata Top Bottom 


Bertie water-lime, 4235-4265 
Salt, 4490-4520 
Salt, 4596-4606 
Salt, 4638-4685 
Salt, 4693-4713 


Red Medina, 5560-5642 
White Medina, 5642-5700 
Well stopped in Queenston red shale at a total depth of ................ 5820 


The line of demarcation between the Chemung and the Portage in the 
Derrick City record, as established above, can be considered only approxi- 
mate. The set of sample cuttings on file is too incomplete to determine 
whether or not any black shale beds are present at the Dunkirk shale 
horizon at this locality, and the driller’s descriptions of the strata are 
not sufficiently explicit in this respect. The Derrick City well is located 
near the center of a triangle formed by the points at which sections 3, 4, 
and 7 were obtained. The strata assigned to the Chemung Group at the 
latter three localities have thicknesses of 2077, 2308, and 2173 feet, re- 
spectively, giving an average of 2186 feet, which is close to the figure of 
2225 feet assigned to this group in the Derrick City section. 

On the basis of the above interpretation of the Derrick City well log, 
the writer now places the Bradford sand at its type locality, the Bradford 
oil pool, in the middle of the Chemung group, as Ashburner did over 50 
years ago,°® instead of in the basal portion, as has been done recently.’” 


SECTION NO. 6 


Section No. 6 was obtained in a deep well on the L. B. Autman (Hale) 
farm, two miles south of the village of Humphrey in Humphrey Town- 
ship, Cattaraugus County, New York, drilled during 1929-30 by Hanley 
and Bird of Bradford, Pennsylvania, and the Belmont Quadrangle Drill- 


°C, A. Ashburner: The geology of McKean County. Report R, Second Geol. Survey of 
Pennsylvania, 1880, p. 43. 

10 J, B. Newby, P. D. Torrey, C. R. Fettke, and L. S. Panyity: Bradford Oil Field, 
McKean County, Pennsylvania, and Cattaraugus County, New York. Structure of Typical 
American Oil Fields, Am. Assoc. Petroleum Geologists, vol. 2, 1929, p. 415. 


XLI—Bvwtu. Grou. Soc. AM., VoL. 44, 1933 
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(feet) 

13 
30 
19 


22 


73 


81 


ing Corporation. 
red beds. 


Sufficient sample cuttings were collected to compile the following, some- 
what generalized, section : 


Thickness 
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The top of the well is at an elevation of 1927 feet 
above sealevel. Drilling started 170 feet below the base of the Cattaraugus 


No commercial production of oil or gas was encountered. 


Record of L. B. Autman (Hale) No. 1 Well 


Description of strata 


Fine-grained grayish-brown sandstone with a little 
interbedded greenish-gray shale (Humphrey sand)... . 
Very fine grained dark greenish-gray sandstone......... 
Dark brownish-gray cherty limestone................. 
Top of Salina group (including Cobleskill limestone)... . 
Very fine, dense, very dark grayish-brown magnesian 
Very fine, dense, light grayish-brown dolomitic lime- 
Very fine, dense, very dark grayish-brown magnesian 


Very fine, dense, light brownish-gray argillaceous dolo- 


Very fine, crystalline, grayish-brown dolomitic lime- 


Very fine, crystalline, light brownish-gray argillaceous 
dolomitic limestone and anhydrite.................. 
Gray shale, somewhat calcareous. (Salt water en- 
Very fine, crystalline, grayish-brown argillaceous magne- 
sian limestone with a little anhydrite................ 
Very fine, dense, grayish-brown argillaceous dolomitic 
limestone with some anhydrite 
Light greenish and brownish-gray clay, somewhat cal- 
careous, with some interbedded anhydrite and a little 
Light greenish and brownish-gray clay, somewhat cal- 
careous, with some interbedded anhydrite............ 
Coarse, crystalline, light-gray salt.................... 
Light greenish and brownish-gray shale, somewhat cal- 
careous, with some interbedded very fine, dense, 
brownish-gray argillaceous magnesian limestone and 
very fine, crystalline, light-gray anhydrite; a little 


Depth (feet) 
Top Bottom 

487 500 

525 555 
1567 1586 
2368 2390 
3790 
3790 3923 
3923 
3923 4133 
4133 4145 
4145 4183 
4183 4225 
4225 4250 
4250 4273 
4273 4280 
4280 4290 
4290 4300 
4300 4306 
4306 4379 
4379 4460 
4460 4465 
4465 4540 


4 
210 
12 
38 
es 42 Very fine, crystalline, grayish-brown dolomitie lime- 
23 
7 
10 
10 
75 


248 


75 
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Depth (feet) 


Description of strata Top 
Very fine, dense, brownish-gray argillaceous magnesian 
Purplish-red shale, somewhat calcareous............... 4594 
Very dark greenish and brownish-gray shale, somewhat 
Very fine, crystalline, very dark brownish-gray dolomitic 
limestone and dolomite; salt water at 4793 feet... ... 4697 
Bottom of Lockport 
Dark-gray shale with considerable interbedded very fine, 
dense, dark-zray argillaceous magnesian limestone.... 4945 
Very fine, crystalline, greenish-gray dolomitic hmestone. 5020 
Greenish-gray shale with a little very fine crystalline, 


very dark brownish-gray limestone at 5050 feet....... 5028 
Fine-grained greenish-gray sandstone, somewhat calcare- 

Fine-grained red 5071 
Fine-grained light-gray sandstone..................... 5078 
Fine-grained light-gray sandstone..................... 5083 
Dark brick-red sandy 5086 
Fine-grained light-gray sandstone with a little inter- 

bedded pink and red sandstone..................... 5089 
Fine-grained light-gray sandstone with a little inter- 

bedded light-pink sandstone....................... 5119 
Fine-grained light-gray sandstone..................... 5133 
Fine-grained light-gray sandstone..................... 5141 
Fine-grained light-gray sandstone..................... 5147 
Fine-grained light-gray sandstone..................... 5170 
Dark brick-red @andy shale... 5178 
Dark brick-red sandy shale. case 5200 
Dark brick-red ‘sandy sliale. 5240 


Well stopped in Queenston red shale at a total depth of ...... 


Bottom 


4594 
4602 


4697 
4697 


4945 
4945 


5020 
5028 


Inasmuch as only a few samples of the cuttings were collected above 
the Onondago limestone in the Autman well, it has not been possible to 


|_| 
Thickness 
(feet) 
54 
| 
95 
37 
5065 
6 
5071 
5071 
4 5075 
3 5078 
3 5081 
2 5083 
3 5086 
3 5089 
28 
5117 
2 5119 
13 
5132 
1 5133 
4 5137 
4 5141 
5 5146 
1 5147 
22 5169 
1 5170 
8 5178 
5178 
12 5190 | 
10 5200 : 
28 5228 : 
12 5240 
67 5307 
5307 : 
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delimit the Chemung, the Portage, and the Hamilton groups. A sand- 
stone encountered at a depth of 1567 to 1586 feet, which has produced 
some oil in a small pool one and one-half miles northwest of the Autman 
well, has been incorrectly correlated with the Bradford,’ which it resem- 
bles somewhat lithologically. The Humphrey sand lies 1737 feet below 
the top of the Chemung, whereas in the Derrick City well, 15 miles to the 
south, the interval between the top of the Chemung and the top of the 
Bradford sand is only 1245 feet. 


SECTION NO. 7 


In September 1928 the Belmont Quadrangle Drilling Corporation en- 
countered an open flow of 3,500,000 cubic feet of gas per day in the 
upper part of the Tully limestone in a well on the Gilbert farm, two miles 
north of Richburg, Wirt Township, Allegany County, New York. The 
well started at about the top of the Chemung at an elevation of 2072 feet 
above sealevel. It was later continued to the Queenston red shale, but 
no additional gas or oil was discovered. Shortly thereafter, T. H. Sawyer 
and the Belmont Quadrangle Drilling Corporation, jointly, drilled an- 
other well into the salt beds of the Salina group, half a mile northwest of 
Richburg, starting at an elevation of 1860 feet above sealevel. No com- 
mercial production of oil or gas was obtained below the Richburg sand in 
this well. 

A complete set of sample cuttings from the Gilbert well, from a depth 
of 255 feet to 4008 feet, was obtained through the courtesy of the opera- 
tors, as well as a similar set, from 3782 feet to 4847 feet, from the Sawyer 
well. Section No. 7 has been compiled from the information furnishe:l 
by these samples and the driller’s log of the Gilbert well below the 4008- 
foot level. 


Record of Gilbert No. 1 Well 


Thickness Depth (feet) 
(feet) Description of strata Top Bottom 
Top of Chemung (approximate)...................... 0 
5 Very fine grained dark brownish-gray sandstone........ 255 260 
14 Greenish-gray sandy shale with some interbedded very 
fine grained dark brownish-gray sandstone........... 354 368 
8 Fine-grained very dark reddish-brown sandstone, fossilif- 


uJ, P. Bishop: Oil and natural gas in Cattaraugus County, New York. New York 
State Mus., 51st Ann. Rept., 1897, 1899, p. 40. 


. 
a a 
are 
2578 
— - 
i 


Thickness 
(feet) 
9 
10 
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Depth (feet) 
Description of strata Top Bottom 
Fine grained very light greenish-gray sandstone........ 385 395 
Fine-grained dark reddish-brown sandstone, somewhat 

Fine-grained very light greenish-gray sandstone........ 400 402 
Fine-grained nearly white sandstone, somewhat cal- 

Fine-grained very light greenish-gray sandstone, some- 

Fine-grained nearly white sandstone, somewhat cal- 

Greenish-gray sandy shale, fossiliferous................ 640 684 
Fine-grained light greenish-gray sandstone, somewhat 

Greenish-gray shale, sparingly fossiliferous............. 689 744 
Fine-grained light-gray sandstone, somewhat calca- 

Greenish-gray sandy 750 770 
Fine-grained light greenish-gray sandstone, somewhat 

Greenish-gray sandy shale, fossiliferous................ 775 816 
Fine-grained light greenish-gray sandstone, somewhat 

Greenish-gray shale, fossiliferous...................... 828 915 
Fine-grained light-gray sandstone, calcareous........... 915 921 
Greenish-gray sandy shale, fossiliferous................ 957 973 
Fine-grained light-gray sandstone, calcareous........... 973 980 
Greenish-gray shale, 980 1000 
Fine grained light-gray sandstone, calcareous........... 1000 1005 
Fine-grained light-gray 1016 =1022 
Fine grained light-gray sandstone, calcareous........... 1052 1068 
Greenish-gray sandy shale, fossiliferous................ 1068 1079 
Fine-grained light chocolate-brown sandstone, fossilifer- 

ous and calcareous (Richburg Stray sand)........... 1114 =1130 
Fine-grained chocolate-brown sandstone, fossiliferous 

and calcareous, show of gas (Richburg sand)......... 1156 =1184 
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5 
2 
6 
137 
55 
15 
5 
10 
10 
44 
5 
55 
6 
20 
5 
41 
6 
6 
87 
6 
36 
16 
7 
20 
5 
11 
6 
30 
16 
11 
35 
16 
26 
28 
84 
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Thickness 
(feet) 
6 


118 
14 


Depth (feet) 
Description of strata Top Bottom 
Fine-grained chocolate-brown sandstone (Clarksville 

Greenish-gray shale..................... 1274 1392 
Fine-grained chocolate-brown sandstone, somewhat 

calcareous, with a 4-foot layer of greenish-gray shale 

at middle (Upper Waugh and Porter sand).......... 1392 1406 
Greenish-gray shale with some interbedded thin layers 

of fine-grained light grayish-brown sandstone......... 1406 1498 
Fine-grained chocolate-brown sandstone, fossiliferous 

and somewhat calcareous (Lower Waugh and Porter 

Interbedded gray to very dark gray sandy shale and 

Very dark gray shale with some interbedded light-gray 

Greenish-gray sandy shale with some interbedded gray- 

Very fine grained light greenish-gray sandstone, some- 

Interbedded gray shale and sandy shale............... 1855 ~=1883 
Greenish-gray sandy 1883 1921 
Greenish-gray sandy shale, calcareous................. 1928 2096 
Greenish-gray sandy shale, somewhat calcareous........ 2146 
Greenish-gray sandy shale, calcareous................. 2190 2204 
Gray shale with some interbedded greenish-gray sandy 

Greenish-gray sandy shale, caleareous................. 2270 2292 
Gray to greenish-gray shale and sandy shale........... 2292 2385 
Very fine grained light greenish-gray sandstone, some- 

Groentsh-gray @andy @hale. 2391 2403 
Very fine grained light greenish-gray sandstone, some- 

Greenish-gray shale with some interbedded grayish- 

2432 


44 
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Depth (feet) 


Description of strata Top Bottom 

Greenish-gray sandy 2432 2490 
Bottom of Nunda sandstone......................... 2490 
Very fine grained brownish-gray sandstone............. 2642 2650 
Greenish-gray sandy shale........................... 2650 2658 
Bottom of Gardeau flags and shale.................... 2708 
Very fine grained brownish-gray sandstone, somewhat 

Bottom of Grimes sandstone..................2..... 2772 
Gray to very darkigray 3101 3220 
Grayish-black to black shale... 3220 3236 
Grayish-black to black shale......................... 3242 3273 
Gray to very dark gray shale... 3318 3326 
Bottom of Rhinestreet black shale.................... 3332 
Dark-gray shale, 3445 3616 
Bottom of Middlesex black shale..................... 3711 


|_| 
Thickness 
(feet) 
58 
7 
51 
8 
86 
8 
50 
16 
25 
15 
14 
7 
195 
8 
79 
8 
11 
7 
119 
16 
6 
31 
7 
7 
23 
8 
8 
6 H 
99 
14 
6 
29 
60 
12 
24 : 


628 c.R. FETTKE—SUBSURFACE DEVONIAN AND SILURIAN SECTIONS 


Thickness 
(feet) 
23 
57 


Depth (feet) 


Description of strata Top Bottom 

Bottom of West River black shale; bottom of Portage 

Grayish-black shale, 3827 3904 
Grayish-black shale, somewhat calcareous.............. 3904 3928 
Black shale, slightly caleareous....................... 3978 3990 
Bottom of Genesee black shale....................... 3990 
Dense grayish-brown limestone (Tully)................ 3990 4008 

Record of Gilbert No. 1 Well below Top of Tully Limestone 

(Based upon driller’s log) 
Saline group, including Cobleskill limestone............ 4638 5480 
Well stopped in Queenston red shale at a total depthof......... 6250 
Record of Sawyer No. 1 Well 

Top of Richburg sand at 1008 feet 
Grayish-black shale, somewhat calcareous............. 3782 3792 
Grayish-black shale, caleareous....................... 3816 3850 
Bottom of Genesee black shale....................... 3850 
Dense grayish-brown limestone (Tully)................ 3850 3882 
Very dark-brownish-gray shale....................... 3882 3887 
Grayish-black shale, somewhat calcareous............. 3887 3893 
Very dark gray shale, calcareous...................... 3893 3899 
Grayish-black shale, somewhat calcareous............. 3899 3905 
Grayish-black shale, 3905 3918 
Grayish-black shale, very caleareous.................. 3918 3923 
Grayish-black shale, caleareous....................... 3923 3928 
Very dark gray shale, calcareous...................... 3928 3947 
Grayish-black shale, 3947 ©3953 
Dense brownish-gray limestone (Menteth?)............ 3953 3958 
Bottom of Moscow formation.....................44. 3958 
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24 
23 
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Depth (feet) 
Description of strata Top Bottom 
Dark-gray shale, very caleareous..................... 3958 3963 
Dark-gray shale, calcareous... . . 3963 3969 
Very dark gray shale, very calcareous................. 3969 3998 
Grayish-black shale, very calcareous.................. 3998 4028 
Grayish-black shale, 4028 4031 
Very dark gray shale, calcareous..................... 4031 4051 
Grayish-black shale, caleareous....................... 4051 4057 
Very dark gray shale, calcareous...................... 4057 4063 
Grayish-black shale, 4063 4081 
Very dark gray shale, calcareous...................... 4081 4093 
Grayish-black shale, 4093 4117 
Very dark gray shale, 4117 4151 
Grayish-black shale, calcareous....................+.. 4151 4178 
Very dark gray shale, calcareous....................-. 4178 4196 
Dense dark grayish-brown limestone with 1 foot of 

interbedded grayish-black calcareous shale at middle 

Bottom of Ludlowville formation..................... 4204 
Grayish-black shale, 4225 4235 
Black shale, calcareous, with a thin seam of dense light- 

brown limestone near 4235 4265 
Grayish-black shale, 4265 4285 
Black shale, calcareous, with a few thin seams of dense 

light grayish-brown limestone (Stafford ?)........... 4304 4310 
Bottom of Skaneateles formation..................... 4310 
Grayish-black shale, 4325 4335 
Black shale, brecciated, minute fractures filled with 

calcite. (Large gas pocket encountered at this horizon) . 4345 4347 
Bottom of Marcellus formation; bottom of Hamilton 

Very fine, crystalline, brownish-gray siliceous limestone, 

Bottom of Onondaga limestone....................... 4433 
Fine- to medium-grained quartz sandstone, calcareous.. 4433 4438 
Bottom of Oriskany sandstone....................... 4438 
Very fine, crystalline, grayish-brown to dark grayish- 

brown limestone (Cobleskill)... 44388 4456 
Very fine, crystalline, light-gray limestone............. 4456 4470 
Very fine, crystalline, dark brownish-gray limestone..... 4470 4498 
Bottom of Bertie water lime......................05. 4498 
Very fine, crystalline, gray to dark-gray argillaceous 

magnesian limestone and dolomite; contains anhydrite. 4498 4574 


Thicknes 
(feet) 
5 
6 
29 
30 
3 
20 
6 
6 
18 
12 
24 
34 
27 
18 
8 
21 
10 
30 
20 
19 
6 
15 
10 
10 
2 
86 
5 
18 
14 
28 
76 
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Thickness Depth (feet) 
(feet) Description of strata Top Bottom 
11 Very fine, crystalline, gray to dark-gray argillaceous 
limestone; contains anhydrite...................... 4574 4585 
45 Very fine, crystalline, brownish-gray argillaceous lime- 
stone; contains 4585 4630 
110 Very fine, crystalline, dark grayish-brown argillaceous 
magnesian limestone and dolomite; contains anhydrite. 4630 4740 


5 Medium to coarse crystalline salt..................... 4740 4745 
10 Very fine, crystalline, dark brownish-gray argillaceous 

limestone; contains anhydrite...................... 4745 4755 

5 Light-gray shale, slightly caleareous.................. 4811 4816 

31 Very fine, crystalline, light-gray argillaceous limestone.. 4816 4847 

Well stopped in Camillus formation at a total depth of........ 4847 


The base of the Chemung group in the Gilbert well has been placed at 
a depth of 2173 feet, at the bottom of a sandy shale bed, 27 feet thick, that 
is thought to occupy the horizon of the Long Beards Riffs sandstone, which 
crops out 24 miles to the north along the Genesee River at Long Beards 
Riffs, half a mile south of Fillmore.’* The bed underlies approximately 
400 feet of gray shales, in large part sandy, in which occasional layers of 
a succession of beds that closely resembles 


black shale are interstratified 
in lithologic characteristics the lower 400 feet of Chemung strata as 
described by Clark and Luther ’** from outcrops in the Genesee Valley 
section to the north. Chadwick ** has traced this horizon westward along 
the outcrop and correlated it with the Dunkirk black shale of the Lake 
Erie section. 

At Long Beards Riffs, the base of the Chemung group, as determined 
by Luther, occurs at an elevation of 1170 feet above sealevel, whereas in 
the Gilbert well it has been placed 100 feet below sealevel. This repre- 
sents a descent toward the south of 1270 feet in 24 miles, an average of 53 
feet per mile. Ina well recently completed by 8S. J. Brendel on the Arthur 
Sheldon farm, one mile north of West Allen and 20 miles slightly east of 
north of the Gilbert well, the top of the Oriskany sandstone was encoun- 
tered at an elevation of 1348 feet below sealevel, whereas in the Gilbert 
well, this horizon was reached 2558 feet below sealevel, showing a descent 
toward the south of 1210 feet, or an average of 60 feet per mile for the 


22). D. Luther: Stratigraphy of Portage formation between the Genesee Valley and 
Lake Erie. New York State Mus. Bull. 69, 1903, p. 1009. 

wJ. M. Clarke and D. D. Luther: Geologic map and description of the Portage and 
Nunda Quadrangles. New York State Mus. Bull. 118, 1908, p. 67. 

“4G. H. Chadwick : The stratigraphy of the Chemung group in western New York, New 
York State Mus. Bull. 251, 1924, pp. 149, 150. 
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deeper horizon. The difference can, in part at least, be accounted for by 
the thickening of the Portage group southward. The above figures do not 
necessarily represent the regional dip in this area, the direction of which 
is actually somewhat west of south. Several low folds with northeast- 
southwest trending axes intervene between the points under considera- 
tion, with Long Beards Riffs and the Sheldon well located on the southern 
flank of a broad dome or anticline and the Gilbert well near the axis of 
a syncline.’® 

As Ashburner ** pointed out many years ago, the Richburg sand, the 
main producing horizon in the Richburg oil pool in Allegany County, 
New York, occupies approximately the same stratigraphic position in the 
Chemung group as does the Bradford sand. In the Gilbert well the top 
of the Richburg sand occurs 1156 feet below the top of the Chemung, 
whereas in the Derrick City well, the interval between the top of the 
Chemung and the top of the Bradford sand is 1245 feet. 

Although 1654 feet of strata have been included in the Portage group 
in the Gilbert section, as compared to 1264 feet exposed at the outcrop 
along the Portage and the Mount Morris canyons of the Genesee River 
to the north, the subdivisions recognized by Clarke and Luther ™* in the 
latter section can, in a general way, be delimited in the Gilbert. Their 
thicknesses naturally are somewhat different. In subdividing the Hamil- 
ton group in the Sawyer section, the sections measured by Cooper *§ along 
the outcrop to the north have been of inestimable value, and his correla- 
tions have been adopted. 


SECTION NO. 8 


Section No, 8 was obtained in a well completed by the Potter Develop- 
ment Company during August 1932 on the J. W. Matteson farm in the 
southwestern corner of Hebron Township, Potter County, Pennsylvania, 
five miles northeast of Roulette. The well is located along the axis of the 
Hebron anticline, southwest of the recently discovered Hebron gas pool, 
at an elevation of 2180 feet above sealevel. An examination of the out- 
crops along the hillside below the well showed that drilling started in the 
Cattaraugus red beds, 56 feet above their base. No commercial production 
of gas or oil was encountered. ‘Through the courtesy of the Allegheny Gas 

A, A. Wedel: Geologic structure of the Devonian strata of south-central New York. 


New York State Mus. Bull, 204, 1982, p. 35 and structural contour map. 

%#C A, Ashburner: The geologic distribution of natural gas in the United States. 
Trans. Am. Inst. Min. Eng., vol. 15, ISST, p. 519. 

M. Clarke and D, D. Luther: Op. cit.. p. 48. 

4G, A. Cooper: Stratigraphy of the Hamilton group in New York. Aw. Jour. Sei., vol. 
19, 1920, p. 218, 
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Company, a complete set of sample cuttings from this well, starting at 630: 
feet, was obtained, the examination of which furnished the data for 
Section 8. 


Record of J. W. Matteson No. 1 Well 


Thickness Depth (feet) 
(feet) Description of strata Top Bottom: 


Greenish-gray sandy shale....................0..0005 630 632 
Very fine grained light greenish-gray sandstone, slightly 

Very fine grained greenish-gray sandstone, slightly 

Dark greenish-gray sandy shale...................... 698 708 
Fine-grained light greenish-gray sandstone, slightly 

Gray shale with a little interbedded dark greenish-gray 

Very fine grained light-gray sandstone, somewhat 

calcareous and very fossiliferous.................... 830 836 
Very fine grained, light brownish-gray sandstone, some- 

what calcareous and fossiliferous.................... 848 855 
Fine-grained light brownish-gray sandstone, somewhat 

calcareous and 863 892 
Greenish-gray sandy shale, somewhat calcareous and - 

Gray to dark-gray shale with a little interbedded fine- 

grained light greenish-gray fossiliferous sandstone..... 960 1095 
Greenish-gray sandy shale, fossiliferous................ 1095 1110 
Fine-grained dark grayish-brown sandstone, somewhat 

calcareous and 1110 
Fine-grained light grayish-brown sandstone, slightly cal- 

careous and fossiliferous, with some interbedded green- 

Greenish-gray shale, in part fossiliferous............... 1154 1242 


Fine-grained chocolate-brown sandstone with consider- 
able interbedded greenish-gray shale (Crandall Hill 
Greenish-gray shale with some interbedded fine-grained 
chocolate-brown 1314 1330 


1 
4 
630 
2 
27 
4 
16 
23 
10 
‘ 
6 
7 
8 
29 
39 
135 
15 
2 
24 
18 
88 
48 
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Thickness Depth (feet) 
(feet) Description of strata Top Bottom 
19 Very fine grained light grayish-brown sandstone with 
some interbedded greenish-gray shale............... 1506 1525 
6 Very fine grained chocolate-brown sandstone, slightly 
6 Very fine grained dark chocolate-brown sandstone...... 1556 1562 
54 Dark-gray sandy shale with a little interbedded gray 
74 Dark-gray shale with some interbedded greenish-gray 
8 Very fine grained grayish-brown sandstone............. 1690 1698 
122 Dark greenish-gray sandy shale...................... 1973 2095 
6 Very fine grained light-gray sandstone, slightly caleareous 2095 2101 
7 Dark grayish-brown sandy shale..................... 2101 2108 
7 Dark grayish-brown sandy shale...................... 2162 2169 
8 Very fine grained grayish-brown sandstone............. 2232 2240 
4 Grayish-brown sandy 2247 2251 
10 Brownish-gray sandy shale. 2270 2280 
70 Dark greenish-gray sandy shale...................... 2280 2350 
29 Very dark grayish-brown sandy shale................. 2350 2379 
19 Very fine grained dark grayish-brown sandstone........ 2389 2408 
10 Dark grayish-brown sandy shale...................... 2408 2418 
28 Very fine grained dark grayish-brown sandstone, slightly 
64 Dark greenish-gray sandy shale...................... 2446 2510 
18 Very fine grained dark grayish-brown sandstone........ 2510 2528 
17 Greenish-gray sandy 2528 2545 
8 Very fine grained greenish-gray sandstone, slightly 
Bottom of Chemung group. 2553 


51 Dark greenish-gray sandy shale...................... 2553 2604 


Thickness 
(feet) 


56 
19 


178 
27 
180 
9 
11 
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Depth (feet) 
Description of strata Top Bottom 
Very dark grayish-brown sandy shale containing plant 

Gray to dark-gray sandy shale....................... 2614 2665 
Dark grayish-brown sandy 2736 ©2752 
Very fine grained very dark brownish-gray sandstone... 2774 2784 
Dark grayish-brown sandy shale..................... 2990 3007 
Dark-gray shale with some interbedded greenish-gray 

Very fine grained greenish-gray sandstone............. 3055 3061 
Very fine grained dark brownish-gray sandstone........ 3061 3081 
Greenish-gray to dark-gray shale..................... 3081 3091 
Very fine grained very dark brownish-gray sandstone... 3091 3099 
Dark-gray sandy shale with some interbedded dark- 

Very fine grained dark greenish-gray and grayish-brown 

sandstone, slightly 3182 3189 
Dark greenish-gray sandy shale with some interbedded 

Very fine grained dark greenish and brownish-gray sand- 

Very fine grained very dark greenish-gray sandstone 

with some interbedded very dark gray shale......... 3528 3546 
Very fine grained dark greenish and brownish-gray sand- 

Dark to very dark gray shale.....................44. 3565 3621 
Very fine grained dark greenish-gray sandstone with 

some interbedded dark-gray shale................... 3621 3640 
Dark to wery dark 3640 3818 


2 
51 
10 
33 
10 
18 
16 
22 
10 
17 
48 
8 
40 
43 
7 
76 
80 
10 
93 
5 
10 
18 
ee 19 


Thickness 
(feet) 
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635 


Depth (feet) 
Bottom 


Description of strata Top 
Grayish-black shale with some interbedded dark-gray 
Grayish-black shale with some interbedded dark-gray 
Very dark gray shale, slightly calcareous............... 4275 
Grayish-black shale, slightly caleareous................ 4345 
Very fine, dense, very dark brownish-gray fossiliferous 
Grayish-black shale, somewhat calcareous............. 4368 
Grayish-black shale, slightly caleareous................ 4410 
Grayish-black shale, slightly calcareous................ 4506 


Bottom of Genesee black shale..................0005. 
Very fine, dense, dark brownish-gray argillaceous lime- 
stone with some interbedded grayish-black calcareous 


Very fine, dense, dark brownish-gray argillaceous lime- 

Very dark gray shale, somewhat calcareous............ 4615 
Grayish-black shale, slightly caleareous................ 4625 
Grayish-black shale, somewhat caleareous............. 4676 
Very dark gray shale, somewhat calcareous............ 4685 
Grayish-black shale, slightly caleareous................ 4705 
Very dark gray shale, somewhat calcareous............ 4735 
Very dark gray shale, slightly caleareous............... 4769 
Grayish-black shale, slightly calcareous............... 4810 
Very dark gray shale, slightly caleareous.............. 4835 
Grayish-black shale, slightly caleareous................ 4860 
Very dark gray shale, slightly caleareous.... ......... . 4870 
Grayish-black shale, somewhat calcareous............. 4945 
Very dark gray shale, slightly caleareous.............. 4965 
Very dark gray shale, calcareous..................... 4984 
Grayish-black shale, 4992 
Very dark gray shale, calcareous....................-. 5000 
Grayish-black shale, 5035 
Black shale, somewhat calcareous..................+5. 5053 


Black shale, slightly caleareous..................00005 5101 


| 
50 
4095 
8 4103 
22 4125 
95 
4220 
55 4275 
70 4345 
22 4367 
1 
4368 
4368 
42 4410 
25 4435 
71 4506 
61 4567 
4567 
4585 
30 
4615 
4615 
10 4625 
25 4650 
6 4656 
20 4676 
9 4685 
10 4695 
10 4705 
30 4735 
34 4769 
41 4810 
7 4817 
13 4830 
5 4835 
25 4860 
10 4870 
75 4945 
20 4965 
19 4984 
8 4992 
5000 
35 5035 
18 5053 
48 5101 
6 
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Thickness Depth (feet) 
(feet) Description of strata Top Bottom 
Bottom of Hamilton group... 2... ss 5147 
12 Very fine, crystalline, light to dark-gray limestone...... 5147 =5159 
15 Very fine, dense, brownish-gray cherty limestone....... 5159 5174 
Bottom of Onondaga limestone....................... 5174 


5 Very fine, crystalline, dark brownish-gray cherty lime- 
stone with occasional well-rounded, fine to medium- 


Bottom of Oriskany horison. 5179 
66 Very fine, crystalline, very dark brownish-gray siliceous 
Bottom of Helderberg limestone...................... 5245 
5 Very fine, dense, very dark gray limestone (Cobleskill)... 5245 5250 
24 Very fine, dense, gray argillaceous and siliceous dolomitic 
38 Very fine, dense, very dark brownish-gray argillaceous 
and siliceous dolomitic limestone................... 5274 5312 
Bottom of Bertie water 5312 
88 Very fine, very dark brownish-gray argillaceous dolomitic 
limestone containing some anhydrite................ 5312 5400 
7 Gray calcareous shale containing a little anhydrite...... 5400 5407 
35 Very fine, dense, dark brownish-gray argillaceous dolo- 
5 Dark-gray shale, somewhat caleareous................. 5442 5447 
81 Very fine, dense, dark brownish-gray argillaceous dolo- 
mitic limestone containing some anhydrite........... 5447 5528 
5 Medium-grained, crystalline, light-gray salt............ 5528 5533 
7 Very fine, dense dark brownish-gray argillaceous dolomitic 
10 Medium-grained, crystalline, light-gray salt............ 5540 5550 
Well stopped in Camillus formation at a total depth of.. 5550 


The base of the Chemung group has been placed at a depth of 2553 feet 
in the Matteson well, at the bottom of a series of sandstones and sandy 
shales 164 feet thick, which apparently represents the horizon of Chad- 
wick’s Canaseraga sandstone.’® The latter crops out along Slader Creek 
near Canaseraga, New York, 46 miles slightly east of north of the Matte- 
son well. On the basis of this correlation, the Canaseraga horizon descends 
approximately 1740 feet in the above distance, an average of 38 feet per 
mile. The Crandall Hill sand, the main producing horizon in the Couders- 
port gas pool, occupies in this area the stratigraphic position of the Brad- 
ford sand in the Chemung group. 


12 G. H. Chadwick : The stratigraphy of the Chemung group in western New York. New 
York State Mus. Bull. 251, 1924, p. 150. 
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SECTION NO. 9 


Section No. 9 has been included primarily to show the thickening of the 
Hamilton group eastward. It was obtained in the Hope Engineering 
Company’s James Bertch No. 1 well, located one mile south of Brookfield, 
in Brookfield Township, Tioga County, Pennsylvania, at an elevation 
of 1840 feet above sealevel. No production was obtained. Only scattered 
samples of the cuttings were collected at this well, but sufficient material 
was obtained to compile the following section: 


Record of James Bertch No. 1 Well 


Thickness Depth (feet) 


(feet) Description of strata Top Bottom 
8 Very fine grained light greenish-gray sandstone......... 3080 3088 
25 Very fine grained very dark brownish-gray sandstone... 3300 3325 
10 Grayish-black shale, 3980 3990 
1 Very fine, dense, dark grayish-brown limestone (Genun- 
135 Grayish-black shale, calcareous in upper part.......... 3991 4126 
Bottom of Genesee black shale....................... 4126 


49 Very fine, dense, dark brownish-gray limestone (Tully).. 4126 4175 


20 Grayish-black shale, 4220 4240 
10 Grayish-black shale, 4570 4580 
40 Grayish-black shale, 4630 4670 
10 Grayish-black shale, 4770 4780 
14 Very fine, crystalline, dark brownish-gray limestone..... 4850 4864 
Bottom of Onondaga limestone....................... 4864 
11 Medium-grained light-gray quartz sandstone, somewhat 
12 Fine-grained light-gray quartz sandstone, caleareous.... 4875 4887 
Bottom of Oriskany sandstone.....................-- 4887 
10 Very fine, crystalline, light brownish-gray cherty lime- 
24 Very fine, crystalline, dark brownish-gray limestone..... 4897 4921 
Well stopped in Helderberg limestone at a total depth of 4921 


SECTION NO. 10 


Section No. 10 was obtained in a well completed by the Lycoming 
Natural Gas Corporation on the Ida Wheeler farm, one and one-half miles 


XLII—Bw.tu. Grou. Soc. AM., Vou. 44, 1983 
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southwest of Wellsboro, in Delmar Township, Tioga County, Pennsyl- 
vania, during the spring of 1932. The well is located along the axis of 
the Wellsboro anticline. Drilling started at an elevation of 1820 feet 
above sealevel, in sandy shales about 110 feet below the top of the 
Chemung. No commercial production of natural gas was encountered. 
The following section has been compiled from data obtained from the 
examination of a complete set of sample cuttings: 


Record of Ida Wheeler No. 1 Well 


Thickness Depth (feet) 
(feet) Description of strata Top Bottom 


239 Greenish-gray sandy shale, fossiliferous and somewhat 
calcareous, with a little interbedded greenish-gray 


shale and fine-grained chocolate-brown sandstone.... 100 339 

8 Very fine grained greenish-gray sandstone............. 339 347 

13 Very fine grained greenish-gray sandstone, slightly 

29 Greenish-gray sandy shale.........................4. 390 419 
40 Very fine grained greenish-gray sandstone, fossiliferous 

and somewhat calcareous....................0.008- 419 459 
35 Greenish-gray sandy shale, sparingly fossiliferous and 

6 Very fine grained gray sandstone, somewhat calcareous.. 494 500 

20 Very fine grained gray sandstone, sparingly fossiliferous 

6 Very fine grained gray sandstone..................... 532 538 

33 Very fine grained greenish-gray sandstone, slightly 

34 Dark-gray shale, fossiliferous and in part calcareous... 577 611 

12 Dark greenish-gray sandy shale, fossiliferous and some- 


6 Very fine grained gray sandstone, somewhat calcareous... 644 650 
71 Interbedded dark-gray sandy shale and gray shale, 


42 Very fine grained light greenish-gray sandstone, sparingly 
fossiliferous and in part calcareous.................. 721 763 
5 Dark greenish-gray sandy shale...................... 763 768 
32 Very fine grained light greenish-gray sandstone, calcareous 
41 Interbedded dark-gray shale and dark greenish-gray 


21 Very fine grained very dark brownish-gray sandstone... 841 862 


po 
: 
Sey 


Thickness 
(feet) 


329 


32 


337 
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Depth (feet) 
Description of strata Top Bottom 
Greenish-gray to dark greenish-gray sandy shale, spar- 
Very fine grained light-gray sandstone, fossiliferous and 
Gray to dark-gray sandy shale, sparingly fossiliferous:... 1223 1294 
Very fine grained gray sandstone..................... 1294 = 1363 
Very fine grained gray sandstone..................... 1384 1391 
Dark-gray sandy shale, fossiliferous................... 1391 1421 
Dark greenish-gray sandy shale...................... 1467 1498 
Very fine grained light-gray sandstone, slightly calcareous. 1498 1505 
Dark greenish-gray sandy shale, sparingly fossiliferous.. 1505 1552 
Very fine grained light-gray sandstone................. 1552-1559 
Dark-gray sandy shale, sparingly fossiliferous.......... 1559 1766 
Very fine grained light-gray sandstone, fossiliferous and 
Very fine grained light-gray sandstone, slightly calcareous. 1780 1787 
Dark-gray sandy shale, sparingly fossiliferous.......... 1787 1907 
Very fine grained light-gray sandstone, slightly calcareous. 1907 1914 
Dark-gray to dark greenish-gray sandy shale, sparingly 
fossiliferous, with some interbedded gray to dark-gray 
Gray to dark-gray sandy shale with a little interbedded 
Gray to dark-gray shale............... 2591 2868 
3068 3088 
Interbedded dark-gray sandy shale and shale.......... 3202 3303 
Very fine grained dark-gray sandstone................. 3350 3363 
Interbedded dark-gray sandy shale and shale........... 3363 = 3.416 
Very fine grained dark-gray sandstone................. 3416 3443 
Interbedded dark-gray shale and sandy shale........... 3443 3475 


Dark-gray sandy shale 


|_| 
71 
69 
21 
30 
46 
31 
7 
47 
207 
7 
q 
120 
|_| 
161 
98 
42 
39 
277 
85 
28 
114 
101 
35 
12 
13 
27 
32 ; 
73 3475 3548 : 
27 3655 3682 
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Thickness 
(feet) 
35 
158 
133 


132 


Depth (feet) 


Description of strata Top 
Dark-gray to very dark gray shale.................... 3717 
Dark-gray sandy shale, in part slightly calcareous; 

minute plant fragments at several horizons.......... 3875 


Very dark gray shale, somewhat calcareous, containing 
a few interbedded thin seams of grayish-black shale... 4008 


Dark-gray shale, slightly caleareous................... 4257 

Grayish-black shale, somewhat caleareous.............. 4311 
Grayish-black shale, somewhat celeareous............. 4488 
Bottom of Genesee black shale....................+.. 

Dense very dark brownish-gray limestone (Tully)...... 4516 
Very dark gray shale, calcareouS...................... 4605 
Dark-gray shale, somewhat calcareous................. 4619 
Very dark gray shale, slightly calcareous.............. 4640 
Very dark gray shale, calcareous...................... 4707 
Very dark gray shale, very slightly caleareous.......... 4714 
Very dark gray shale, somewhat calcareous............ 4814 
Very dark gray shale, very slightly calcareous.......... 4844 
Grayish-black shale, slightly caleareous................ 4862 
Very dark gray shale, slightly caleareous.............. 4875 
Grayish-black shale, slightly calcareous................ 4889 
Very dark gray shale, very slightly calcareous.......... 4897 
Grayish-black shale, very slightly caleareous........... 4960 
Very dark gray shale, very slightly caleareous.......... 4968 
Dense very dark gray argillaceous limestone interbedded 


with some very dark gray calcareous shale; fragment 


of crinoid stem (Centerfield)....................... 5010 
Very dark gray shale, calcareous...................... 5026 
Black shale, slightly caleareous....................... 5042 
Grayish-black shale, slightly caicareous................ 5088 
Very dark gray shale, slightly caleareous.............. 5121 
Grayish-black shale, somewhat calcareous............. 5157 
Very dark gray shale, slightly calcareous.............. 5186 
Grayish-black shale, slightly calcareous................ 5192 
Very dark gray shale, slightly calcareous.............. 5198 
Grayish-black shale, slightly calcareous................ 5210 
Grayish-black shale, calcareous....................... 5253 
Grayish-black shale, somewhat calcareous............. 5284 


Grayish-black shale, caleareous....................... 5290 


Bottom 


3717 
3875 


4008 
92 
6 4238 
12 4250 
7 4257 
oe 54 4311 
4311 
24 4335 
153 4488 
28 4516 
89 4605 
14 4619 
ae 21 4640 
67 4707 
7 4714 
100 4814 
30 4844 
18 4902 
13 4875 
14 4889 
8 4897 
63 4960 
8 4968 
34 5002 
5010 
16 
5026 
a 16 5042 
ae 46 5088 
33 5121 
aa 36 5157 
29 5186 
6 5192 
6 5198 
12 5210 
43 5253 
31 5284 
6 5290 
5306 
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Thickness Depth (feet) 
(feet) Description of strata Top Bottom 
6 Grayish-black shale, somewhat calcareous............. 5306 5312 
36 Grayish-black shale, 5312 5348 
38 Grayish-black shale, slightly calcareous................ 5348 5386 
8 Grayish-black shale, slightly calcareous................ 5402 5410 
6 Grayish-black shale, caleareous....................... 5410 5416 
18 Grayish-black shale, slightly calcareous................ 5416 5434 
56 Grayish-black shale, somewhat calcareous............. 5434 5490 
29 Dense very dark gray limestone with a little brown shale 
Bottom of Onondaga 5519 
37 Fine-grained light-gray to brownish-gray sandstone, 
calcareous throughout............. ets 5519 5556 


15 Very fine grained dark brownish-gray sandy limestone.. 5556 5571 
6 Fine-grained light-gray to gray sandstone, calcareous.... 5571 5577 


Very fine grained dark-gray sandy limestone........... 5577 5580 
Bottom of Oriskany sandstone....................06: 5580 

41 Very fine, crystalline, very dark gray limestone, in part 

42 Very fine, crystalline, brownish-gray limestone, in part 
fossiliferous and somewhat cherty................... 5621 5663 
Well stopped in Helderberg limestone at a total depth of 5663 


In the Wieboldt well of the Cayuga Gas Company, two miles west of 
Leetonia and 14 miles southwest of the Ida Wheeler well, the interval 
between the base of the Catskill red beds and the top of the Tully lime- 
stone was found to be 4768 feet. In the Loveless well of the Summit 
Oil and Gas Company, three miles southeast of Tioga, this interval is 
4506 feet and in the William West well of Lester and Miller, two miles 
south of Tioga, 4450 feet, giving an average of 4478 feet for the Tioga 
vicinity. Inasmuch as the Ida Wheeler well is about midway between 
Leetonia and Tioga, it is reasonable to assume that the interval there is 
approximately 4625 feet. The top of the Tully limestone in the Ida 
Wheeler well occurs at a depth of 4516 feet. The well section, therefore, 
starts about 110 feet below the top of the Chemung. The base of the 
Chemung group has been placed at a depth of 2510 feet, at the bottom of 
a sandy layer, 98 feet thick, which contains several thin seams of inter- 
bedded grayish-black shale. 


SECTION NO. 11 


Section No. 11 includes a detailed description of the strata encountered 
in the L, E. Shoemaker No. 1 well of the Lycoming Natural Gas Corpora- 


\ 
| 
| 


642 c. Rk. FETTKE—SUBSURFACE DEVONIAN AND SILURIAN SECTIONS 


tion, based upon an examination of a complete set of sample cuttings. 
This well is along the axis of the Sabinsville anticline, six miles northeast 
of Tioga in Lawrence Township, Tioga County, Pennsylvania. 
started at an elevation of 1474 feet above sealevel in strata of Chemung 
age, about 1570 feet below the base of the Catskill red beds, and the well 
was finally abandoned during the fall of 1931 in the Vernon red shale, at 
a total depth of 7148 feet. The Oriskany sandstone, producing horizon 
in the Tioga pool a few miles to the west, proved to be dry in this well. 


116 


Record of L. E. Shoemaker No. 1 Well 
Description of strata 


Very fine grained bluish to greenish-gray sandstone. ..... 
Bluish to greenish-gray sandy shale................... 
Very fine grained light greenish-gray sandstone, slightly 

Greenish-gray sandy shale, slightly fossiliferous......... 
Very fine grained dark grayish-brown sandstone........ 
Greenigh-gray Sandy shale. .... 
Greenish-gray sandy 
Very fine grained greenish-gray sandstone............. 
Greenish-gray sandy shale, in part slightly calcareous 

and containing an occasional brachiopod............. 
Very fine grained dark brownish-gray sandstone, some- 

Interbedded dark-gray shale and greenish-gray sandy 


Very fine grained, dark greenish-gray sandstone........ 
Greenish to dark greenish-gray sandy shale with some 

interbedded dark-gray shale....................... 
Dark greenish-gray sandy shale with some interbedded 

Very fine grained dark greenish-gray sandstone......... 
Greenish-gray sandy 
Very fine grained greenish-gray sandstone.............. 
Dark-gray shale with some interbedded greenish-gray 


Dark greenish-gray sandy shale with some interbedded 


Dark-gray shale with a little interbedded dark greenish- 


Dark greenish-gray sandy shale with some interbedded 


Drilling 


Depth (feet) 


Top 
0 


801 
897 


954 
1008 
1014 
1020 
1026 
1074 


1128 


Bottom 
24 
85 
174 


=... (feet) 
61 24 
85 
174 186 
135 186 321 
6 321 327 
6 327-333 
17 333 
22 350 372 
6 372-378 
356 
378 «734 
7 
734741 
54 
6 795 801 
57 954 
54 
1008 
6 1014 
6 1020 
ie 6 1026 
1026 
54 
™ 
115 


DETAILED DESCRIPTION OF SECTIONS 643 
Depth (feet) 
Description of strata Top Bottom 
Very dark gray, almost black, shale with some inter- 

bedded dark greenish-gray sandy shale.............. 1359 13738 
Dark greenish-gray sandy shale with some interbedded 

Dark greenish-gray sandy shale....................... 1410 1496 
Dark-gray shale with some interbedded dark greenish- 

Interbedded dark-gray sandy shale and shale........... 1593 1944 
Grayish-black shale with some interbedded very dark 

Very dark gray shale with some interbedded grayish- 

Very dark brownish-gray sandy shale with some inter- 

bedded very dark gray shale....................... 2011 2053 
Very fine grained very dark brownish-gray sandstone, 

Interbedded very dark brownish-gray slightly calcareous 

sandy shale and very dark gray shale............... 2060 2088 
Interbedded dark-gray sandy shale and shale, slightly 

Dark-gray shale with some interbedded gray sandy shale. 2495 2532 
Dark brownish-gray sandy shale with some interbedded 

Gray to dark-gray shale, sandy in upper part.......... 2612 2664 
Gray to dark-gray shale, somewhat calcareous......... 2664 2701 
Very fine grained dark-gray calcareous sandstone....... 2701 2708 
Dark-gray shale somewhat caleareous................. 2708 2728 
Gray to dark-gray calcareous shale. .................. 2728 2750 
Grayish-black shale, very slightly calcareous........... 2750 2909 
Bottom of Genesee black shale.....................-. 2909 
Dense dark brownish-gray argillaceous limestone....... 2909 2959 
Dark-gray shale, somewhat calcareous................. 2959 2978 
Dense very dark brownish-gray argillaceous limestone... 2978 2991 
Dark-gray shale, somewhat calcareous................. 2991 3014 
Dark-gray shale, slightly caleareous................... 3014 3038 
Dark-gray shale, 3038 3052 
Dark-gray shale, very 3052 
Dark-gray shale, somewhat calcareous................. 3097 3105 
Very dark gray shale, slightly caleareous.............. 3105 3156 
Very dark gray shale, calcareous...................... 3170 = 3192 
Very dark gray shale, slightly calcareous.............. 3192 3360 
Very dark gray shale, calcareous..................... 3360 3382 

3411 


Very dark gray shale, very calcareous................. 3382 


Thicknes 
(feet) 
14 
37 
86 
97 
351 
24 
43 
. 42 
7 
28 
367 
40 
37 
80 
52 
37 
7 
20 
22 
159 
50 
19 
13 
23 
24 
14 
45 
8 
51 
14 
22 
168 
22 
29 


(feet) 
21 


26 


24 


Thickness 
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Depth (feet) 
Description of strata Top Bottom 
Very dark gray shale, calcareous, fragment of crinoid 

Horizon of Centerfield limestone...................... 3432 
Very dark-gray shale, very calcareous................. 3432 3448 
Very dark-gray shale, calcareous...................... 3448 3456 
Very dark-gray shale, very calcareous................. 3456 ©3463 
Very dark-gray shale, calcareous...................... 3463 3520 
Grayish-black shale, slightly caleareous................ 3520 3592 
Very dark-gray shale, slightly caleareous.............. 3592 3608 
Grayish-black shale, very calcareous.................. 3608 3620 
Very dark gray shale, very calcareous................. 3620 3628 
Grayish-black shale, very calcareous.................. 3628 3692 
Grayish-black shale, 3692 3700 
Grayish-black shale, very caleareous.................. 3700 3707 
Grayish-black shale, 3707 3769 
Grayish-black shale, somewhat calcareous............. 3769 3777 
Grayish-black shale, 3777 3792 
Grayish-black shale, somewhat caleareous............. 3792 3808 
Grayish-black shale, 3808 3815 
Grayish-black shale, somewhat caleareous............. 3815 3830 
Grayish-black shale, slightly caleareous................ 3830 3838 
Grayish-black shale, caleareous....................... 3838 3855 
Grayish-black shale, slightly caleareous................ 3855 3864 
Grayish-black shale, 3864 3879 
Grayish-black shale, somewhat caleareous............. 3879 3901 
Grayish-black shale, calcareous....................... 3901 3908 
Grayish-black shale, very calcareous.................. 3908 3913 
Very fine, dense, gray to dark-gray limestone.......... 3913 3930 
Bottom of Onondaga limestone....................... 3930 
Medium-grained light brownish-gray sandstone, some- 

Medium-grained dark brownish-gray sandstone, cal- 

Bottom of Oriskany sandstone...................000 3980 
Very fine, crystalline, dark brownish-gray fossiliferous 

limestone, somewhat siliceous and cherty............ 3980 4075 
Very fine, crystalline, dark brownish-gray sandy lime- 

stone; also contains some dark-gray chert............ 4075 4080 
Very fine, crystalline, brownish-gray limestone, contains 

Bottom of Helderberg group.................0..e0005 4097 
Very fine, dense, dark brownish-gray argillaceous magne- 

Very fine, dense, dark brownish-gray argillaceous lime- 


4 
ae 
> 
& 


Thickness 
(feet) 
21 


10 
26 


57 
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Depth (feet) 
Description of strata Top Bottom 
Very fine, dense, dark brownish-gray argillaceous magne- 

Very fine, crystalline, light-gray siliceous magnesian 

Very fine, crystalline, dark-gray to brownish-gray argil- 

laceous magnesian 4178 4204 
Very fine, dense, dark-gray to brownish-gray argillaceous 

limestone with abundant crinoid stems near top...... 4204 4261 
Bottom of Tonoloway limestone.....................- 4261 
Very fine, crystalline, light-gray anhydrite......... .... 4261 4289 
Very fine, gray shale, somewhat calcareous............. 4289 4302 
Very fine, crystalline, light-gray anhydrite............. 4302 4310 
Very dark gray shale, slightly calcareous.............. 4310 4328 
Very fine, crystalline, light-gray anhydrite............. 4328 4335 
Very fine, dense, brownish-gray argillaceous magnesian 

Very dark gray shale, in part somewhat calcareous... . . 4341 4394 
Very fine, crystalline, brownish-gray anhydrite, some- 

Brownish-gray calcareous shale; contains some anhydrite. 4399 4424 
Top of Syracuse salt member of Camillus formation... ... 4424 
Coarse, crystalline, grayish-white salt with a little inter- 

Light-gray to brownish-gray shale, slightly calcareous... 4460 4486 
Coarse, crystalline, grayish-white salt with a little inter- 

bedded tiwht-aray ehale...... 4486 4527 
Light-gray shale, slightly calcareous.................-. 4527 4533 
Coarse, crystalline, grayish-white salt with a little inter- 

bedded light-eray ahale..... 4533 4742 
Light brownish-gray shale, somewhat calcareous........ 4742 4748 
Coarse, crystalline, grayish-white salt with a little inter- 

Gray shale, slightly caleareous................. ean 4768 4790 
Coarse, crystalline, grayish-white salt with a little inter- 

bedded light-gray shale, in part calcareous........... 4790 4917 
Light-gray shale, somewhat calcareous, with some inter- 

Coarse, crystalline, grayish-white salt with some inter- 

bedded light-gray shale, somewhat calcareous. ....... 4992 S011 
Light-gray shale, somewhat calcareous. ............... 5011 5025 
Coarse, crystalline, grayish-white salt with some inter- 

bedded light-gray to gray shale, somewhat calcareous... 5025 5080 
Coarse, crystalline, grayish-white salt................. 5092 5098 
Gray shale, somewhat caleareous.................... 5098 5104 


28 
13 

8 
18 
6 
53 
5 
25 : 
36 
26 : 
41 
6 
209 
6 
20 
22 
127 
75 
19 : 
14 
12 
6 
6 
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Thickness 
(feet) 
16 


Depth (feet) 
Description of strata Top Bottom 
Coarse, crystalline, grayish-white salt with some inter- 

bedded light-gray shale, somewhat calcareous........ 5104 5120 
Light-gray shale, slightly calcareous..................- 5120 
Coarse, crystalline, grayish-white salt................. 5126 
Light-gray to brownish-gray shale, somewhat calcareous. 5132 5158 
Coarse, crystalline, grayish-white salt................. 5158 5165 
Gray to dark-gray calcareous shale with some interbedded 

anhydrite in upper part and salt in lower part........ 5165 5349 
Coarse, crystalline, grayish-white salt with a little 

interbedded gray-shale, somewhat calcareous........ . 5349 5459 
Gray very calcareous shale containing a little anhydrite. 5459 5465 
Very fine, dense, dark brownish-gray argillaceous 

magnesian limestone containing a little anhydrite... .. 5465 5527 
Coarse, crystalline, grayish-white salt................. 5527 95552 
Very fine, dense, dark brownish-gray argillaceous magne- 

Very dark gray calcareous shale..................+++- 5559 5577 
Very fine, dense, dark brownish-gray argillaceous 

magnesian limestone containing a little anhydrite... .. 5577-5601 
Coarse, crystalline, grayish-white salt with a little inter- 

bedded brownish to dark brownish-gray shale, some- 

Very fine light-gray argillaceous anhydrite, caleareous.. 5645 5658 
Light-gray to brownish-gray shale, somewhat calcareous, 

with some interbedded anhydrite......:............ 5658 5690 
Very fine light brownish-gray anhydrite, somewhat 

Light-gray to gray shale, somewhat calcareous, contain- 

ing some anhydrite in upper part.................+. 5695 5782 
Very fine, crystalline, dark brownish-gray argillaceous 

Light brownish-gray calcareous shale, contains some 

Very fine, dense, light to dark brownish-g:ay argillaceous 

Light to dark-gray calcareous shale, contains a little 

Coarse, crystalline, grayish-white salt with some inter- 

bedded dark-gray shale, somewhat calcareous........ 6041 6055 
Gray to dark-gray shale, somewhat calcareous.......... 6055 6068 
Very fine, dense, dark brownish-gray argillaceous magne- 

Very fine, dense, very dark brownish-gray argillaceous 

Coarse, crystalline, grayish-white salt with some inter- 

bedded gray shale, somewhat calcareous............. 6120 6134 
Brownish-gray very calcareous shale.................. 6134 6147 


6 
6 
26 
184 
110 
6 
7 
62 
7 
18 
24 
44 
32 
8 
aN 69 
12 
6 
172 
14 
13 
19 
33 
14 
13 
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Thickness Depth (feet) 
(feet) Description of strata Top Bottom 
19 Coarse, crystalline, grayish-white salt with a little inter- 
bedded dark-gray shale, somewhat calcareous........ 6147 6166 
24 Very fine, dense, very dark brownish-gray argillaceous 
6 Very fine, dense, very dark brownish-gray argillaceous 
94 Coarse, crystalline, grayish-white salt................. 6233 6327 
8 Very fine, dense, very dark brownish-gray argillaceous 
7 Light-gray very calcareous shale...................... 6335 6342 
7 Coarse, crystalline, grayish-white salt................. 6342 6349 
9 Gray shale, somewhat caleareous..................... 6349 6358 
60 Coarse, crystalline, grayish-white salt with a little inter- 
bedded gray shale, somewhat calcareous............. 6358 6418 
29 Dark brownish-gray, very calcareous shale............. 6418 6447 
6 Coarse, crystalline, grayish-white salt with considerable 
interbedded dark-gray shale, somewhat calcareous... 6447 6453 
36 Dark brownish-gray very calcareous shale............. 6453 6489 
19 Coarse, crystalline, grayish-white salt with a little inter- 
bedded dark-gray shale, somewhat calcareous........ 6489 6508 
Bottom of Syracuse salt member of Camillus formation . 6508 
11 Very fine, dense, very dark brownish-gray argillaceous 
11 Gray to brownish-gray calcareous shale............... 6519 6530 
Bottom of Camillus formation....................... 6530 
114 Light greenish-gray shale, somewhat calcareous......... 6530 6644 
44 Light greenish-gray shale, slightly calcareous........... 6644 6688 
43 Light greenish-gray shale, slightly calcareous........... 6732 6775 
30 Dark-gray shale, somewhat calcareous; contains a little 
76 Light greenish-gray shale, slightly calcareous........... 6805 6881 
144 Interbedded light greenish-gray and dark-gray shale, 


9 Light greenish-gray shale, somewhat calcareous, with 
some interbedded brownish-red shale, also somewhat 


91 Purplish-red shale, somewhat calcareous (2-inch anhy- 
drite seam or lense at 7060 feet).................... 7034 7125 
23 Purplish-red shale, slightly caleareous................. 7125 7148 
Well stopped in Vernon red shale at a total depth of.... 7148 


The interval between the top of the Chemung group and the top of the 
Tully limestone in the vicinity of 'Tioga is as shown, 4478 feet. In the 
Shoemaker well the top of the Tully limestone was encountered at a depth 
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of 2909 feet. The top of the well, therefore, is about 1570 feet below the 
top of the Chemung. The base of the Chemung group has been placed at 
a depth of 1026 feet, at the bottom of a sandstone 18 feet thick, which, it is 
thought, represents the horizon of the High Point sandstone.”° 

The outstanding feature presented by the log of the Shoemaker well 
is the great thickness of the Camillus formation; 2269 feet of strata 
possessing the characteristic features of the Camillus type of sedimenta- 
tion were drilled through. The Syracuse salt member of this formation 
has an apparent thickness of 2084 feet and contains 954 feet of salt beds. 
The 495 feet of light greenish-gray shales underlying the Camillus, as 
delimited in the Shoemaker section, are grouped with the Vernon red shale 
rather than the Camillus, inasmuch as they resemble the former in all re- 
spects except color more closely than they do the latter. 

An examination of a graphic log of the Shoemaker well, plotted to scale, 
does not seem to indicate any repetition in the succession of strata that 
can be attributed to faulting. Deviation of the hole from the vertical 
may account for some thickening. It was not surveyed. The well is near 
the axis of the Sabinsville anticline, which is fairly broad along the crest. 
so that the dip of the strata would account for only a relatively small 
amount of apparent thickening. 

There is one factor, however, that may be responsible for considerable 
thickening. Adjustments during the period of Appalachian folding in 
the relatively incompetent strata representing the Camillus and the Ver- 
non underneath the Sabinsville anticline probably resulted in appreciable 
solid flow in these beds toward the axis of the anticline, thereby causing 
thickening. Large fragments of the light greenish-gray shale from the 
upper part of the Vernon, brought to the surface in the bailer, are much 
brecciated, with interlacing calcite veinlets filling the fractures. This 
would seem to indicate that some such adjustments took place, but the 
orderly succession of the beds was not destroyed thereby. Such adjust- 
ments in the thick incompetent strata beneath the more competent, but 
much thinner, Tonolaway, Helderberg, and Oriskany beds was probably 
also an important factor in producing some of the unexpected subsurface 
structural features revealed by drilling along the Sabinsville anticline to 
the west in the nearby Tioga gas pool. 

SECTION NO. 12 


Section No. 12 was obtained in the G. H. Hettick well of the Penn- 
York Natural Gas Corporation, three miles southwest of Towanda in 


20 G. H. Chadwick : The stratigraphy of the Chemung group in western New York. New 
York State Mus. Bull. 251, 1924. p. 150. 


one 
st 
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Towanda Township, Bradford County, Pennsylvania. It is located along 
the axis of the Towanda anticline and starts at an elevation of 1280 feet 
above sealevel. The well was abandoned early in 1932 after failing to 
obtain production in the Oriskany sandstone. The following section is 
based upon an examination of a complete set of sample cuttings, starting 
at a depth of 230 feet: 


Record of G. H. Hettick No. 1 Well 


Thickness Depth (feet ) 
(feet) Description of strata Top Bottom 

0 230 

11 Very fine grained greenish-gray platy sandstone, slightly 
8 ‘Groenish-emy sandy shale... ..... 241 249 

70 Very fine grained greenish to dark greenish-gray sand- 
12 Dark greenish-gray sandy shale....................-. 319 331 


72 Very fine grained dark greenish-gray sandstone, slightly 
calcareous, with a little interbedded dark greenish-gray 


50 Very fine grained greenish-gray sandstone............. 403 453 


31 Very fine grained very dark greenish-gray sandstone, 
slightly calcareous, with a little interbedded dark-gray 


30 Very fine grained very dark greenish and brownish-gray 
sandstone, slightly caleareous....................4- 535 565 
9 Very dark brownish-gray sandy shale................. 565 574 
20 Very fine grained dark greenish-gray sandstone, slightly 
19 Very fine grained dark greenish-gray sandstone......... 656 675 
24 Very fine grained dark greenish-gray sandstone, slightly 
40 Dark greenish-gray sandy shale...................... 705 745 
37 Very fine grained dark greenish-gray sandstone......... 745 782 
19 Dark greenish-gray sandy shale...................... 782 801 
23 Very fine grained dark greenish-gray sandstone.......... 801 824 
45 Dark greenish-gray sandy shale...................... 824 869 
46 Very fine grained dark greenish-gray sandstone......... 869 915 
22 Very fine grained dark greenish-gray sandstone......... 920 942 


25 Very fine grained dark greenish-gray sandstone......... 1060 1085 


i 
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Thickness 
(feet) 
31 
44 
11 


11 
12 


Depth (feet) 


Description of strata Top 
Dark greenish-gray sandy shale...................... 1085 
1171 
Dark greenish-gray sandy shale...................... 1215 
Very fine grained dark-gray sandstone................ 1394 
Dark-gray shale with some interbedded dark-gray sandy 
Very fine grained dark-gray sandstone, slightly calcareous. 1435 
Very fine grained dark-gray sandstone................. 1462 


Dark-gray sandy shale with some interbedded very dark 


Interbedded dark-gray shale and sandy shale.......... 1520 
Very fine grained dark greenish-gray sandstone, slightly 

Dark greenish-gray sandy shale...................... 1564 
Very fine grained dark-gray sandstone................ 1680 
Very fine grained dark-gray sandstone, slightly calcareous. 1709 
Very fine grained dark-gray sandstone, slightly calcareous. 1790 
Dark greenish-gray sandy shale, slightly calcareous... . . 1808 
Very fine grained dark greenish-gray sandstone, some- 

Dark greenish-gray sandy shale...................... 1853 
Very fine grained dark greenish-gray sandstone, some- 

Dark greenish-gray sandy shale...................... 1880 
Very fine grained dark greenish-gray sandstone......... 1885 
Dark greenish-gray sandy shale...................... 1912 
Very fine grained greenish-gray sandstone............. 1937 
Dark greenish-gray sandy shale, fossiliferous........... 1947 
Very fine grained dark greenish-gray sandstone, some- 

Dark greenish-gray sandy shale...................... 1959 


Very fine grained dark greenish-gray sandstone, slightly 


Very fine grained dark greenish-gray sandstone......... 1999 

2011 


Bottom 
1116 
1160 
1171 
1215 
1235 
1394 
1403 


1435 
1445 
1462 
1471 
1471 


1520 
1551 


1564 
1570 
1619 
1680 
1693 
1709 
1727 
1781 
1790 
1808 
1843 


1853 
1858 


1880 
1885 
1912 


44 
20 
159 
9 
32 
17 
9 
31 
3 
6 
ee 61 
16 
18 
18 

35 

10 

4 

22 

25 1937 
es 10 1947 
oe 3 1950 
9 
1959 

2 1961 

1988 
1999 
6 2017 
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Depth (feet) 


Description of strata Top 

Very fine grained dark greenish-gray sandstone, slightly 
Very fine grained dark-gray sandstone slightly calcareous. 2045 
Very fine grained gray sandstone.................0... 2075 
Very fine grained dark-gray sandstone................. 2089 
Very fine grained gray sandstone, slightly caleareous.... 2105 
Very fine grained dark-gray sandstone, slightly calcareous. 2125 
Very fine grained dark-gray sandstone, slightly calcareous. 2157 


Very fine grained dark brownish-gray sandstone, slightly 


Dark brownish-gray sandy shale.....................- 2274 
Very fine grained brownish-gray sandstone, slightly 
Dark brownish-gray sandy 2363 
Very dark-gray shale, almost black.................-. 2411 
Dark brownish-gray sandy shale............. 2415 
Very dark brownish-gray sandy shale................. 2475 
Dark-gray sandy shale, fossiliferous................... 2655 
Very dark gray shale, almost black................... 2995 
Very dark gray shale, almost black................... 3088 


Bottom 


2030 
2045 


Thickness 
(feet) 
13 
1s 
30 2075 
14 2089 : 
11 2100 
5 2105 
5 2110 
15 2125 : 
25 2150 
7 2157 : 
19 2176 : 
9 2185 
23 2208 
2208 2230 
44 2274 § 
23 2297 
29 2326 ; 
11 
2337 
13 2350 
13 2363 
18 2381 
30 2411 
4 2415 : 
8 2423 
52 2475 
8 2483 
21 2504 
42 2546 4 
20 2566 
33 2599 
23 2622 
19 2641 
14 2655 
12 2667 : 
200 2867 
83 2950 
45 2995 
65 3060 
3060 
28 3088 
44 3132 : 
32 3164 
13 3177 
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Thickness 
(feet) 


79 
50 


Depth (feet) 
Description of strata Top Bottom 

Bottom of Genesee black shale....................... 3215 
Very fine, dense, dark-gray limestone................. 3215 3294 
Very fine, dense, very dark brownish-gray limestone.... 3294 3344 
Very dark gray shale, calcareous...................... 3344 3368 
Very dark gray shale, somewhat calcareous............ 3411 3441 
Very dark gray shale, calcareous..................... 3469 3477 
Very dark gray shale, calcareous. ..... 3607 3657 
Very fine, dense, very dark gray limestone, fossiliferous 

Dark-gray shale, somewhat calcareous................ 4144 4162 
4162 4261 
Very dark gray shale, somewhat calcareous............ 4261 4266 
Grayish-black shale, slightly caleareous................ 4266 4278 
Very dark gray shale, somewhat calcareous............ 4278 4327 
Grayish-black shale, 4327 4335 
Very dark gray shale, somewhat calcareous............ 4335 4370 
Very dark gray shale, caleareous..................... 4370 4375 
Very dark gray shale, somewhat calcareous............ 4375 4411 
Grayish-black shale, 4411 4426 
Very dark gray shale, calcareous..................... 4426 4467 
Very dark gray shale, slightly caleareous.............. 4467 4515 
Very dark gray shale, calcareous and fossiliferous....... 4515 4545 
Very dark gray shale, somewhat calcareous............ 4545 4580 
Very dark gray shale, caleareous..................... 4580 4617 
Very dark gray shale, slightly caleareous.............. 4617 4669 
Grayish-black and black shale........................ 4669 4787 
Grayish-black shale, 4787 4810 
Grayish-black shale, slightly caleareous................ 4883 4921 
Grayish-black shale, somewhat calcareous............. 4921 4928 
Very dark gray shale, caleareous..................... 4928 4935 
Bottom of Hamilton group. 4935 
Very fine, dense, very dark gray limestone............. 4935 4953 
Very dark gray shale, calcareous..................... 4953 4955 
Very fine, dense, brownish-gray limestone............. 4955 4958 
Very dark gray shale, calcareous..................... 4958 4961 
Very fine, dense, brownish-gray limestone............. 4961 4968 
Bottom of Onondaga limestone....................04. 4968 


Dark-gray ghale, calcareous... 4968 


24 

43 
30 
28 
8 
108 
11 
11 
50 
196 
8 
283 
99 
5 
12 
8 
35 
5 
36 
15 
41 
48 
30 
35 
52 
us 
23 
73 
38 
7 
7 
- 
3 
3 
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Thickness Depth (feet) 
(feet) Description of strata Top Bottom 
11 Very fine, dense, dark-gray argillaceous limestone..... .. 4979 4990 
5 Dark-gray shale, 4990 4995 
16 Dark-gray shale, slightly calcareous................... 4995 5011: 
9 Very fine, dense, gray argillaceous limestone........... 5011 5020 
9 Very fine, dense, dark brownish-gray limestone......... 5025 5034 
2) Dark-gray shale, calcaroous... 5034 5054 
2 Very fine, dense, dark-gray limestone................. 5054 5056 
3 Dark-gray shale, slightly caleareous................... 5061 5064 
2 Very fine, dense, dark brownish-gray limestone......... 5064 5066 
8 Dark-gray shale, somewhat calcareous................ 5066 5074 
Bottom of Schoharie formation....................65. 5164 
10 Medium-grained light gray quartz sandstone, calcareous 
Well stopped at base of Oriskany at a total depth of.... 5227 


The bottom of the Chemung group in the Hettick well has been placed at 
the base of a series of sandstones and sandy shale, 77 feet thick, correlated 
with the High Point sandstone. The Hamilton group has thickened to 
nearly 1600 feet in the Hettick section as compared to 900 feet in the 
Tioga region. If the limestone encountered at 3853 feet has been cor- 
rectly identified as the Centerfield, this thickening has taken place largely 
in the lower half of the group. The 196 feet of dark-gray, calcareous 
shales and intercalated thin limestone beds that come between the Onon- 
daga limestone and the Oriskany sandstone in the Towanda region, are 
believed to represent the western equivalent of the Schoharie grit. 


SUMMARY AND CONCLUSIONS 


The thicknesses of the major subdivisions of the Devonian and the 
Silurian systems in the 12 subsurface sections across northern Pennsyl- 
vania and southern New York between the Allegheny and the Susquehanna 
rivers are summarized in Table 1. 


XLITI—BULL. GEOL. Soc. AM., Vor. 44, 1933 


if 
i 


Cc. R. FETTKE—SUBSURFACE DEVONIAN AND SILURIAN SECTIONS 


654 


él 


Il 


| 
+26 +621 
L401 
96% 
FLL 
8I 
99 qs qs 
¢ qe 
qs qs qs 
ial 98 
6F oe 
cel 661 £91 096€ 
{ PS9l 
+166€\| 266% | ELIZ 
+9¢ 
6 8 Z 9 


€ 


+062 
806 


069 


+98 


064 


108 


UBIDIAOPIO 

dnoiz 


A 


UBLINTIG 
dnois 


dnoid 038310g 

:dnois piojpeig 
UBIUOAIC 


JaquinN 


suapshig uviuoaag fo suoisurpqny solo yy fo jaay ur sassauyory — | 


+ 
| 
| — = 
Sn 
a © com 

~ | 
Nao 
— = 

| 
j | 

: 

19 19 S.2 Sx 

| | re22etess 

9 OS 2 

| 

0.2190 
_| 8 Rae ol 
| & 

32 = 

a 
rer val 


SUMMARY AND CONCLUSIONS 655 


In the region under discussion the boundary between the Devonian and 
the Mississippian systems has not yet been definitely established. Glenn 
assigned the names, Knapp, Oswayo, and Cattaraugus, to the formations 
occupying the intervals between the Olean conglomerate and the top of 
the Chemung group in Cattaraugus County, New York. On the basis of 
field evidence obtained during 1900 and 1901 and the paleontologic facts 
then available, he drew a provisional boundary between the Mississippian 
and the Devonian at the top of the Cattaraugus.*. Butts and Clarke, on 
the other hand, on the basis of the same evidence thought that the line 
should be drawn at the bottom of the Cattaraugus.*? In 1904, Girty pro- 
posed the term “Bradfordian series” for the strata comprising the Knapp, 
the Oswayo, and the Cattaraugus, and concluded that these formations were 
of Devonian Age.** Butts later showed that the series of strata involved lie 
below the Pocono group as defined in southwestern Pennsylvania, the 
latter being absent in the area under discussion.** On the basis of two 
seasons’ field work in northeastern Ohio and northwestern Pennsylvania, 
VerWiebe, in discussing the correlation of the Bradfordian series, agrees 
with Girty that these strata belong to the Devonian.*® In Table 1 the 
Bradford group has provisionally been placed under the Devonian system, 
with the realization that the Devonian-Mississippian boundary may actu- 
ally occur somewhere in the group itself. 

In the sections shown, the top of the Chemung group has been placed 
at the base of the Upper Devonian red beds. Over the western half the 
term, Cattaraugus, has been applied to the latter beds. Lithologically, the 
Cattaraugus formation resembles in many respects the Catskill of south- 
eastern New York and eastern and central Pennsylvania. Traced east- 
ward by outcrops and well records, the two are found to merge into one 
another. This does not necessarily imply contemporaneity in age. The 
Catskill type of sedimentation started much earlier in southeastern New 


2. C. Glenn: Devonic and Carbonic formations of southwestern New York. New 
York State Mus. Bull. 69, 1908, pp. 985, 986. 

22Charles Butts: Fossil faunas of the Olean Quadrangle. New York State Mus. Bull. 
69, 1903, p. 991. 

J. M. Clarke: Construction of the Olean rock section. New York State Mus. Bull. 69, 
19038, p. 999. 

3G. H. Girty: Comparison of sections of Upper Paleozoic rocks in Ohio and north- 
western Pennsylvania. Science, n. s., vol. 19, 1904, pp. 24, 25; The relations of some 
Carboniferous faunas. Proce. Washington Acad. Sci., vol. 7, 1905, pp. 6, 7; Geologie 
age of the Bedford shale of Ohio. Ann. New York Acad. Sci., vol. 22, 1912, p, 307. 

24 Charles Butts: Pre-Pennsylvanian stratigraphy. Rept. Topogr. and Geol. Survey of 
Pennsylvania, 1906-1908, 1908, p. 197. 

23 W, A. VerWiebe: The Berea formation of Ohio and Pennsylvania. Am. Jour. Sci., 
vol. 42, 1916, pp. 43-58; Correlations of the Mississippian of Ohio and Pennsylvania. 
Am. Jour. Sci., vol. 43, 1917, pp. 301-318; Correlations of the Devonian shales of Ohio 
and Pennsylvania. Am. Jour. Sci., vol. 44, 1917, pp. 33-47, 
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York and eastern Pennsylvania than in the western parts of these States, 
and it is quite probable that even the uppermost of the Catskill strata in 
the Catskill region are considerably older than the Cattaraugus beds of 
western New York and adjacent portions of Pennsylvania, as was pointed 
out as early as 1887 by Williams, when he stated that there is reason to 
believe that in Sullivan County, New York, the deposition of red beds 
started as early as Hamilton time,”* an observation which has recently 
been verified by Chadwick and by Cooper in the Catskill area of New York 
and by Willard in northeastern Pennsylvania.** 

Chadwick has shown that the Dunkirk black shale of the Lake Erie 
section occurs at the base of the Chemung group. Eastward along the out- 
crop, sandy layers are found to increase rapidly in number and thickness 
in the black shale, until finally the shale disappears entirely. In the 
Genesee Valley section, the Long Beards Riffs sandstone occurs at the 
bottom of this interval. On Slader Creek, near Canaseraga, the Cana- 
seraga sandstone, consisting of 150 feet of sandy beds with only two thin 
seams of black shale, occupies the horizon of the Dunkirk black shale and 
corresponds in stratigraphic position to the High Point sandstone farther 
east.?* 

In the well sections a similar change from west to east takes place in 
the horizon identified as basal Chemung. The Dunkirk black shale is still 
well developed in Section No. 3. Eastward, however, black shales become 
less and less conspicuous at this horizon, although indications of the pres- 
ence of at least thin seams of such shales were still found in the sample 
cuttings in Section No. 10. 

The Chemung group maintains a fairly uniform thickness across tne 
entire area covered. At Section No. 11, in northeastern Tioga County, 
Pennsylvania, 12 miles southeast of the type locality, the total thickness 
assigned to this group is 2600 feet, while at Section No. 3, 100 miles to the 
west, it is still nearly 2100 feet, the average westward thinning being only 
five feet per mile. Sections Nos. 7 and 8 show that there is appreciable 
thinning northward—about 15 feet per mile. 


2H. S. Williams: On the fossil faunas of the Upper Devonian: the Genesee section, 
New York. U.S. Geol. Survey Bull. 41, 1887, p. 27. 

27G. H. Chadwick: Catskill formation (abstract). Bull. Geol. Soc. Am., vol. 42, 1931, 
pp. 242-243; Hamilton Red Beds in eastern New York. Science, n. s., vol. 77, 1933, 
pp. 242, 243. 

G. A. Cooper: Stratigraphy of the Hamilton group of eastern New York. Geol. Soc. 
Amer., Bull., vol. 44, 1933, pp. 200-201. 

Bradford Willard: “Catskill” sedimentation begins in Pennsylvania. Geol. Soc. Amer., 
Bull., vol. 44, 1933, p. 108. 

28 G, H. Chadwick: The stratigraphy of the Chemung group in western New York. New 
York State Mus. Bull. 251, 1924, pp. 149, 150. 
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The strata occupying the interval between the base of the Chemung and 
the bottom of the Genundewa horizon have been included in the Portage 
group. Black shales form a prominent part of the lower half of this 
group in the western portion of the area but become less and less con- 
spicuous in the eastern part and finally disappear almost entirely. The 
group undergoes considerable thinning westward. At. Section No. 12, 
near the Susquehanna River, the thickness is approximately 1600 feet. It 
reaches a maximum of a little over 1800 feet in Tioga and Potter Counties, 
Pennsylvania, as shown in Sections Nos. 10 and 8, and then thins to less 
than 900 feet at Section No. 3. In the Lake Erie section, 35 miles slightly 
west of north of Section No. 3, the group, as delimited by Chadwick, has a 
thickness of only 515 feet.*° There is also some thinning northward. 
Clarke and Luther assigned 1265 feet of strata to this interval along the 
outcrop in the Genesee Valley,*® whereas Section No. 7 shows 1654 feet 
and Section No. 8, 1815 feet. Section No. 8 is located about 50 miles 
south of the outcrop. 

The term, “Genesee,” has been restricted to the black shales that occupy 
the interval between the base of the Genundewa limestone and the top of 
the Tully. This horizon was recognized as far west as Section No. 4. 

The Tully limestone constitutes an excellent horizon marker as far west 
as Section No. 7. It reaches a maximum thickness of 129 feet at the 
eastern edge of the area discussed and is still 32 feet thick at Section No. 7. 
The six feet of limestone encountered at a depth of 4872 feet in Section 
No. 4 probably represent the western attenuated edge of this limestone. 

The Hamilton group includes the strata lying between the base of the 
Tully horizon and the top of the Onondaga limestone. This group 
thickens eastward, at first gradually from 420 feet at Section No. 3 to 
522 feet at Section No. 7 near the middle of the area under consideration, 
and then more rapidly, until, at Section No. 12 at the eastern edge, it 
has attained a thickness of nearly 1600 feet. 

Beneath the Hamilton, the Onondaga limestone constitutes another 
readily recognizable horizon. It underlies the entire area. Thin and 
relatively free from chert in the eastern part, it thickens westward to 
over 150 feet in places, and becomes markedly cherty. At the extreme 
eastern edge of the area 196 feet of gray shales with thin intercalated 
beds of argillaceous limestone appear between the Onondaga limestone 
and the Oriskany sandstone. These are probably the equivalent of the 


2D, D. Luther: Stratigraphy of Portage formation between the Genesee Valley and 
Lake Erie. New York State Mus. Bull. 69, 1903, p. 1028. 

% J. M. Clarke and D. D. Luther: Geologic map and descriptions of the Portage and 
Nunda Quadrangles. New York State Mus. Bull. 118, 1908, p. 48. 
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Schoharie grit of east-central New York. They were not observed in 
any section west of No. 12. 

The Oriskany horizon is represented by a stratum of medium-grained, 
light-gray quartz sandstone, which is fairly continuous over the eastern 
portion of the area but becomes lenticular in the middle and western 
portions and beyond. In Tioga County, Pennsylvania, it ranges in thick- 
ness from 25 to 50 feet. West of Tioga County, where present, it is usually 
less than 20 feet thick. The Oriskany sandstone has been recognized in 
samples of well cuttings as far west as Lawrence and Mercer counties, Penn- 
sylvania, and Harrison and Guernsey counties, Ohio, and southwest as far 
as Roane County, West Virginia. Some Helderberg limestone is probably 
present beneath the Oriskany as far west as Section No. 4. West of this 
and in the three New York sections, the Oriskany rests directly upon 
Upper Silurian limestones. 

The outstanding feature of the Upper Silurian section in north-central 
Pennsylvania is the extraordinary thickness of Salina beds encountered 
in the L. E. Shoemaker well in northeastern Tioga County. As has 
already been stated, the great thickness of salt and clay beds present at 
this locality does not necessarily represent the thickness of the Svracuse 
salt member as originally deposited over the area. A considerable portion 
of the apparent thickness may be due to upward squeezing of the incom- 
petent salt and clay beds along the axis of the Sabinsville anticline. 
Wells drilled through the Salina to the north in New York do indicate, 
however, that the Salina group thickens appreciably southward. Accord- 
ing to the record of a well drilled by the Belmont Quadrangle Drilling Cor- 
poration in 1930 on the C. M. S. Russell farm, one mile southwest of 
Branchport, Yates County, New York, the Syracuse salt member has a 
thickness of 530 feet, of which 300 feet are salt, 45 miles north of the 
Shoemaker well ; whereas, 30 miles slightly east of north of the Shoemaker 
well, at the village of Watkins Glen, the thickness is 815 feet, with 458 
feet of salt.*t In contrast, the Syracuse salt member in the Shoemaker 
well has a thickness of 2084 feet, of which 954 feet represents salt. All 
three wells are located along the axes of anticlines. 

The Lockport dolomite ranges in thickness from 225 to 320 feet in the 
western half of the area, as compared to 150 feet along the outcrop in the 
Niagara Gorge section,®* 70 miles to the north. No wells have been 
drilled to it as yet in the eastern half. The term, “Clinton Group,” has 

31D. H. Newland and C. A. Hartnagel: Review of the natural gas and petroleum de- 


velopments in New York State. New York State Mus. Bull. 295, 1932, pp. 138, 139. 
% E, M. Kindle and F, B. Taylor: Niagara Folio, No. 190, U. S. Geol. Survey, 1913, p. 7. 
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been applied to the strata occupying the interval between the base of the 
Lockport dolomite and the top of the Medina sandstone. The group, 
therefore, includes the Rochester shale, at the top, and the Thorold sand- 
stone, at the base, as well as the Clinton formation proper. 

The Medina Group has been restricted to those strata which lie between 
the base of the Thorold sandstone and the top of the Queenston shale. 
In the area under consideration the group has very much the same char- 
acteristics as in the Niagara section. Drillers usually divide it, on the 
basis of color, into two parts in their logs—the upper portion being desig- 
nated as the Red Medina and the lower, the White Medina. In the Niagara 
Gorge section the red color is confined to the upper 48 feet, the lower 46 
feet being gray or white.** In the Kane deep well, 110 miles to the south, 
the Red Medina has a thickness of 70 feet, and the White Medina, 96 feet. 
As in the Niagara Gorge section, the latter is underlain by the Queenston 
red shale, of which 688 feet had been penetrated when drilling was 
stopped. In the vicinity of Bellefonte, 70 miles southeast along the out- 
crop, the Red Medina has almost disappeared. Swartz ** has recently 
proposed the name, Howard sandstone, for a thin series of red and green 
sandy beds occasionally found at the top of the Tuscarora sandstone in 
central Pennsylvania, which probably represent the attenuated edge of the 
Red Medina. The White Medina, on the other hand, thickens from 400 
to 500 feet, forming the well-known Tuscarora quartzite; whereas, the 
underlying Queenston red shales pass into the red shales and sandstones 
that comprise the Juniata formation. 


33 Tbid., p. 6. 
34K, M. Swartz: Silurian sections near Mount Union, Central Pennsylvania. (Ab- 


stract) Bull. Geol. Soc. of Amer., vol. 44, 1933, p. 101. 
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LAKE ATITLAN? 


BY WALLACE W. ATWOOD ? 
(Presented before the Geological Society, December 29, 1932) 


In the highlands of Guatemala, 40 miles west of the national capital and 
about 50 miles inland from the Pacific coast, there is one of the most 
beautifully situated and spectacular scenic features on the North American 
It might, by some, be called a crater lake, and in its origin and 


continent. 
history it resembles the famous, so-called “Crater Lake” of Oregon, which 
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Figure 1.—Sketch Map of Lake Atitlan and Vicinity 
The dip and the strike of lava flows are shown at five places. Modern villages are shown 
by black squares and highways, by broken lines. 
has been established as a national park. But Lake Atitlan is not in a true 
The basin is more appropriately spoken of as a great caldera, and 


crater. 
1 Manuscript received by the Secretary of the Society, January 31, 1933. 


2 Published with the permission of the Carnegie Institution of Washington. 
(661) 
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it is one of the largest, if not, indeed, the largest, physiographic feature of 
its kind in the world. (See figure 1.) 

Like Crater Lake of Oregon, Lago de Atitlan is in an area roughly cir- 
cular in form, where a huge mass of the crustal portion of the earth has 
apparently collapsed. The diameter of the great hole, when measured 
from the rim, is about 12 miles. The lake is 10 miles long from east to 
west, and from 6 to 8 miles wide. The width of the lake is much less 
than its length because of three, huge, voleanic cones that have risen from 
the floor of the caldera, near its southern margin. Today, the surface of 
Lake Atitlan is about 5,200 feet above sea level. The nearly vertical walls 
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FiIGuRE 2.—Lake Atitlan 


Looking southward at San Pedro, a volcanic cone that rises to about 11,000 feet above 
sea level and 6,000 feet above the waters of the lake. 


of the basin rise at many po‘nts to elevations close to 8,000 feet, and at a 
few places to elevations, as yet unmeasured, that are probably in the neigh- 
borhood of 9,000 feet. 

A voleano, known also as Atitlan, is on the south rim of the caldera, where 
it completely buries the wall for a distance of about 5 miles. At the south- 
west, there is another volcano on the rim of the basin, known as Santa 
Clara. Within the boundary of this huge, undrained depress‘on, there are 
two other volcanic cones which rise high above the rim and reach elevations 
of about 11,000 feet above the sea. The two huge cones within the caldera 
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are known as San Pedro and Toliman. A small, but somewhat con- 
spicuous, mound on the north slope of the voleano, Toliman, known as 
Cerro de Oro, is probably a distinct voleano which grew up from the bot- 
tom of the lake basin, just as Toliman and San Pedro have. Cerro de Oro 
rises about 500 feet and San Pedro, Toliman, and Atitlan, about 6,000 feet 
above the waters which now occupy the basin. (See figures 2 and 3.) 
The nearly vertical faces at many places on the wall of this great caldera 
attract the attention of casual visitors, and remarks are made by such ob- 
servers that “it looks as if they had been cut off by a great knife.” When 
examined by the physiographer, those nearly vertical faces are at once 
recognized, by their forms and by the many triangular facets near their 


Figure 3.—Looking across Lake Atitlan at the Volcano, Toliman 


base, as evidence of faulting. The triangular facets in firmly cemented 
volcanic ash are not normal erosion features, such as develop on inter- 
stream ridges, but they are the truncated spurs between the valleys which 
have been cut into the wall of the basin. Indications of recent faulting 
are found at many places about the margin of this lake. Beds of volcanic 
ash or tufa show offsets, and blocks have dropped part way into the caldera. 
Recent land slides give evidence of the precarious condition of much of 
the loose material on this wall. It can hardly rest there today. Water- 
falls add an indication of disarrangement of drainage and contribute much 
to the picturesqueness of the landscape. At a few places, canyon-like forms 
have developed in the wall of the caldera, and there the streams have worked 


back several miles. In the development of these canyons, vast quantities 
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of voleanic ash have been brought into the caldera basin and deposited. A 
few small deltas record the continuation of that kind of work. At many 
places, other deposits of alluvial material approach the margin of the 
lake. They are torrential fans or torrential cones of fragmental detritus. 

The huge, Fujiyama-like cones that rise above the rim of the caldera 
are extremely youthful in their physiographic development. Running 
water has but lightly etched their surfaces, and at many places the form 
or contour of recent lava flows is retained. These mighty volcanoes may 
have risen from the floor of Lake Atitlan, and for a time may have existed 
as islands resembling Wizard Island in “Crater Lake,” Oregon, but their 
growth has continued far beyond that of Wizard Island, until these cones 
rise at least 6,000 feet above the lake, and have become joined, by the 
outpouring of lavas, with the margin of the calder. (See figure 4.) 

Most of the material in the rim of the Atitlan caldera is a pumaceous 
tuff. Fully 2,000 feet of this material may be examined at several dif- 
ferent localities. At a few places, notably between Sololé and the shore 
of the lake, there are lava flows that have a distinct dip away from the 
center of the great lake. The tufaceous material, which settled, for the 
most part, through the air, has a bedding which is not far from horizontal, 
but on the eastern wall there is a distinct dip northeastward, which is 
away from the center of the caldera. The surface slopes, of ash deposits, 
bordering Atitlan to the east, northeast, and north, show distinct declina- 
tions away from the rim, and suggest that the source of this material was 
somewhere within the area now occupied by the lake. 

About the lake, at two localities which have been examined, there are 
hot springs. These are associated with the zone of distributive faulting 
which defines the margin of the basin. They are located on the north 
side of the lake, one, a little west of the settlement known as Tzanjuyt, 
and the other, on the wall of the caldera, directly east of the village of 
Panajachel. 

Near the west margin of the depression, less than a mile west of the 
little Indian village of San Juan but within the basin, there are numer- 
ous large, granite boulders. Those examined ranged in size up to eight 
feet in diameter. These granite boulders are now on the slope of the 
voleano, San Pedro. They do not appear to have come from the neighbor- 
ing wall, but the wall of the caldera in that section was not examined 
in sufficient detail to make certain that they could not have come from 
some outcrop on that side of the basin. If they were floated up in a 
magma and came to be on the slope of the voleano because of the outpour- 
ing of the lava, it is strange that no example was found where the basaltic 
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“LAKE ATITLAN FROM TZANJUYU 


Ficure 4.—Pencil Sketches 


which bring out the Rim of the great Lake Atitlan Caldera and show the Location of the recent Volcanic Cones 


within the Basin 
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lava was attached to the granite. These boulders present an interesting 
problem and deserve much more attention than it was possible to give 
them on the occasion of our visit. 

The depth of Lake Atitlan was reported by many local inhabitants to 
range up to at least 4,000 feet, and the report came from several sources 
that it was impossible to find the bottom of the lake by soundings. A 
simple equipment was secured and thirty soundings were made at various 
places in the lake. The intention, primarily, was to get the degree of slope 
immediately off-shore from the truncated spurs in order to determine 
whether those fault-like faces continued beneath the surface of the water. 
The soundings at several places demonstrated clearly that the angle of 
slope below the surface of the lake was about the same as above that sur- 
face. As anticipated, off-shore from the deltas the slope of the lake 
bottom was found to be much gentler than off-shore from the inter-valley 
spurs. A series of soundings, taken along a north-south line, disclosed 
a maximum depth of 1,030 feet. That was near the center of the lake. 
An east-west series of soundings yielded a maximum depth of 1,122 feet 
at a point a little west of the center of the lake and one of 1,114 feet a 
little east of the center of the lake. Many soundings in the central por- 
tion of the basin ranged from 900-1,100 feet. It should be recorded, 
however, that considerable areas within the lake basin exist where sound- 
ings were not made, and it is not at all unlikely that depths will be found 
that considerably exceed the greatest depth which we secured in the trials 
made during the 1932 season. It appears, however, from the soundings 
made, that voleanic debris that has fallen into the lake and settled to the 
bottom or been washed by streams into the basin has been so distributed 
as to give a relatively even contour to the bottom of the basin. 

From positions on the rim, overlooking the lake, it is decidedly notice- 
able that there are no indications of shallow water except immediately 
adjoining the small deltas on the north side of the lake. Even there the 
waters are not shallow very far from the land margin. The deep blue 
and green shades which characterize this beautiful body of water testify 
to the steepness of the walls below the lake level, and to the relatively 
slight amount of sediment which is carried into the lake. 

Within the great caldera occupied now by Lake Atitlan there are no 
less than nine Indian villages, some of them picturesquely situated only a 
few feet above the lake level. Within the present drainage area of this 
lake and 1,000 or 2,000 feet above the waters of the lake there are six 
other Indian villages. Some of the native people have chosen the deltas 
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and the torrential fans for their settlements, but in at least two instances 
they have placed their homes upon very recent lava flows and built the 
walls of their cabins and the walls about their little gardens and door 
yards of huge blocks of basaltic lava. In those cases they have avoided 


placing their homes upon the alluvial deposits nearby, for those alluvial 


FIGURE 5.—East Wall of the Lake Atitlan Caldera 
Shows location of San Antonio, the modern native village. 


deposits are essential for their farming enterprises. They need the 
alluvial lands in the production of food. Their homes can be placed among 
the rocks. (See figure 5.) 

Lake Atitlan is today the center of interest of a large number of indus- 
trious people who are cultivating the in-facing walls of the great caldera 
and portions of the slopes of the huge volcanic cones. Two thousand and 
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possibly three thousand years ago it served similarly as a magnet and 
attracted to its shores thousands of native people, who were agriculturists. 
Archeologic sites have been located at several points about the margin of 
the lake, and it appears to be clear from the mounds awaiting exploration 
that the record of ancient Mayan settlements may be found at many of 
these localities. The water of Lake Atitlan is fresh and wholesome; the 
people about its shores are enjoying good health; the forests on the 
voleanic mountains and on the walls of the caldera furnish timber and 
firewood, and they have probably furnished wood to native peoples for 
many centuries; the disintegration of the volcanic material has resulted 
in the production of rich soils. The little villages of today are charm- 
ingly isolated from the great highways of travel. There is beauty in the 
landscape and in the rich coloring common at the periods of sunset. 
The esthetic values may have been a factor in leading the more ancient 
people to place their homes about the shores of the lake. Those values 
may unconsciously influence many who love the shores of that lake today. 
It certainly is a factor in attracting visitors from other parts of Guate- 
mala and from other parts of the world. 
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RECENT CLASSIFICATION OF THE PLEISTOCENE PERIOD 


In a recent paper, Kay? proposed the following classification of the 
Pleistocene period (system)? of the Mississippi Valley: 


Period (system) Epochs (series) Ages (stages) Substages 
(Recent) 
Wisconsin 
Eldoran Peorian 
Pleistocene 
sad Centralian Sangamon 
Tilinoian 
Glacial 
Ottumwan Yarmouth 
Kansan 
Aftonian 
Grandian 


* Manuscript received by the Secretary of the Society, April 4, 1933. 

1G, F, Kay: Classification and duration of the Pleistocene period. Bull. Geol. Soc. 
Am., vol. 42, 1931, pp. 425-466. 

°The subdivisions of period and of system used in this classification are found on 
pages 201-202 of the Report of the Eighth Session of the International Geological 


Congress held in Paris in 1900. 
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In discussing this classification, it was pointed out * that 


“When the most significant facts of Pleistocene history are analyzed criti- 
cally in relation to what might be considered as a logical classification it is 
evident that from the time of the advance of the first ice sheet, the Nebraskan, 
to the retreat of the last ice sheet, the Wisconsin, there were recurrences of 
similar geological events with accompanying similar geological results. In 
other words, there were within the limits of the Pleistocene period a succes- 
sion of cycles, the most significant evidences of which are recorded in the 
deposits which were made during each cycle and in the changes which the 
deposits underwent before the coming of the succeeding cycle. Reasons were 
given for the interpretation that Pleistocene history involved four cycles. The 
judgment was expressed that it would seem to be desirable at the present time 
to bring together for distinct recognition in Pleistocene classification the sedi- 
mentary units which are the chief products of the cycles, and that the cycles 
be designated epochs and the sedimentary units, each of which consists of the 
intimately associated glacial and interglacial materials formed during an 
epoch, be given the rank of series.” 


The names of the four epochs (series) —namely, Grandian, Ottumwan, 
Centralian, and Eldoran—were chosen “from localities where the materials 
of the different stages have been studied in all their relationships and 
where they have areal distribution.” 

In this classification the Eldoran epoch (series) includes three ages 
(stages): the Iowan glacial age (stage), the Peorian interglacial age 
(stage), and the Wisconsin glacial age (stage). Kay stated * that 

“During the Iowan age drift was deposited, during the Peorian age a wide- 
spread loess was formed, and during the Wisconsin age the Wisconsin drift 
was laid down. It now seems clear that the Peorian loess, which in Iowa 
distinctly separates stratigraphically the Iowan drift below from the Wiscon- 
sin drift above, is related closely in age to both these drifts. Moreover, several 
glacial geologists are convinced that the Peorian loess is related genetically in 
part to the Iowan drift and in part also to the Early Wisconsin drift.” 


The relationships of the Peorian loess to the Iowan and the Wisconsin 
drifts in Iowa have been emphasized in a recent paper by Kay, and in 
an earlier paper by Alden and Leighton.° 

Although Kay was convinced that the Iowan and the Wisconsin drifts 
in Iowa are related sufficiently closely in age to be included in the same 
epoch, the Eldoran, he felt that the three ages, the Iowan, the Peorian, 


3 Op. cit., p. 464. 


4Op. cit., p. 447. ‘ 
5G. F. Kay: The relative ages of the Iowan and Wisconsin drift-sheets. Am. Jour. 


Sci., vol. 21, February 1931, pp. 158-172. 
¢W. C. Alden and M. M. Leighton: The Iowan drift—a review of the evidences of 


the Iowan stage of glaciation. Iowa Geol. Survey, vol. 26, 1917, pp. 140-164. 
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and the Wisconsin, should each continue to be given distinctive place in 
Pleistocene classification. No names were included in Kay’s classification 
for the substages of the Wisconsin stage. 


ELIMINATION OF THE PEORIAN INTERGLACIAL AGE 


Recent detailed studies in Illinois by Leighton and his associates have 
shown conclusively that there was continuous deposition of loess from 
Iowan time until after Early Wisconsin time, and, furthermore, that the 
interval heretofore called Peorian was so short as to necessitate its elimina- 
tion as an interglacial age from the classification of the Pleistocene.? 
Moreover, in this paper, Leighton proposed that, since the Iowan glacial 
stage cannot longer be recognized in Pleistocene classification as being 
independent from the Wisconsin stage, the usage of the name, Wisconsin, 
of our present classification be modified to include the Iowan as the 
earliest of its substages. He proposed also that the Wisconsin substages 
be named, from oldest to youngest, Manitoban (Iowan), Quebecan (Early 
and Middle Wisconsin), and Hudsonian (Late Wisconsin). But these 
names now appear not to be appropriate, partly because they refer to fields 
of ice accumulation rather than areas where the drift deposits may be 
studied, and partly because they were preempted. 


NAMES FOR THE SUBSTAGES OF THE WISCONSIN STAGE 


After Kay had had an opportunity to study Leighton’s field evidence 
in Illinois, in the fall of 1931, he agreed with Leighton that the relation- 
ships of the Peorian loess to the Iowan and the Early Wisconsin drifts 
justify the inclusion of the Iowan in the Wisconsin stage as redefined in 
the preceding paragraph. Leighton *® has more recently proposed other 
names to replace the names, Manitoban, Quebecan, and Hudsonian, for 
the substages of the Wisconsin. They are, from oldest to youngest, the 
Iowan, the Tazewell (Early Wisconsin), the Cary (Middle Wisconsin), 
and the Mankato (Late Wisconsin). 


Recent AGE INCLUDED IN THE PLEISTOCENE PERIOD 


In Kay’s classification the Recent age was not included in the Eldoran 
epoch. He said ® with regard to the Recent: 


7M. M. Leighton: The Peorian loess and the classification of the glacial drift sheets 
of the Mississippi Valley. Jour. Geol., vol. 38, 1931, pp. 45-53. 

8M. M. Leighton: The naming of the subdivisions of the Wisconsin glacial age. 
Science, n. s., vol. 77, no. 1989, Feb. 10, 1933. p. 168. 

®°G. F. Kay: Classification and duration of the Pleistocene Period. Bull. Geol. Soc. 


Am., vol, 42, 1931, p. 426. 
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“Although it might be considered proper to include the time since the retreat 
of the last ice-sheet as the early part of another interglacial age of the Pleis- 
tocene it has seemed best to designate, somewhat arbitrarily, this post-glacial 
time as the Recent age, comparable in rank to an age in the Pleistocene period.” 


During the Recent age the Mankato (Late Wisconsin) drift on un- 
eroded uplands has been leached of calcium carbonate to a depth of about 
30 inches. The time involved in the Recent is considered to have been 
approximately 25,000 years. Since there is no evidence that the Recent 
may not be the beginning of another interglacial age, it would seem to be 
logical to regard the Recent as a part of the Pleistocene, or Glacial, period. 
We suggest that this usage be adopted. 


REVISED CLASSIFICATION OF THE ELporan Epocu 


For the reasons given, Kay and Leighton now propose to revise the 
classification of the Eldoran epoch (series) as follows: 


Epoch (series) Ages (stages) Substages 
Recent 
Eldoran Mankato (Late Wisconsin) 
Wisconsin Cary (Middle Wisconsin) 
Tazewell (Early Wisconsin) 
Iowan 


The Eldoran epoch (series) includes the Wisconsin age (stage) and 
the Recent age (stage). The Iowan becomes the oldest of the substages 


of the Wisconsin stage. 


— 


PRESENT CLASSIFICATION OF THE PLEISTOCENE PERIOD 673 


PRESENT CLASSIFICATION OF THE PLEISTOCENE PERIOD 


The main features of the proposed classification of the Pleistocene 
period (system) of the Mississippi Valley are then as follows: 


Period (system) Epochs (series) Ages (stages) Substages 
Recent 
Eldoran Mankato (Late Wis- 
consin) 
Cary (Middle Wis- 
Wisconsin consin) 
Tazewell (Early Wis- 
consin) 
Iowan 
Glacial Centralian Sangamon 
Illinoian 
Ottumwap Yarmouth 
Kansan 
Aftonian 
Grand 
Nebraskan 


The name Peorian will continue to be used in Iowa for the widespread 
loess which lies on the Iowan drift and around its border, and beneath 
the Mankato (Late Wisconsin) drift; and in Lllinois for the widespread 
loess which lies above the Late Sangamon loess outside of the Tazewell 
drift. Within the border of the Tazewell drift the loess which immediately 
underlies it may be called Iowan, as originally proposed, and the loess 
which overlies it, the Tazewell loess. These two loesses are indistinguish- 
able outside of the Tazewell drift border and compose the Peorian loess. 
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INTRODUCTION 


The basalt plateau of eastern Washington exhibits a peculiar assem- 
blage of physiographic features, including a complex set of interlocking 
stream channels, abandoned canyons and cataracts, steep-walled buttes, 
rock-rimmed basins, residual islands of loess between the channels, bar- 


1 Manuscript received by the Secretary of the Society, December 28, 1932. 
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like deposits of rubbly gravel, and slack-water deposits in certain trib- 
utary valleys, which have been described at length by Bretz.2 He has 
attributed these features to a catastrophic flood of glacial waters, diverted 
southwestward across the plateau by a glacial dam in the Columbia River 
valley on the north edge of the plateau. According to Bretz, these waters 
were released suddenly and in such volume as to occupy all the channels 
simultaneously and even to spill across divides into neighboring discharge- 
ways. The torrent of glacial waters thus conceived, Bretz called the 
Spokane Flood. Critical examination of the area by the writer has 
revealed new facts regarding the extent of the flood between the plateau 
of eastern Washington and the gorge of the Columbia River through 
the Cascade Mountains, and has led him to propose an alternative 
conception of the flood. 

The new data indicate that the flood rose to a consistently high level 
from the Wallula Gateway to the Columbia River gorge through the Cas- 
cade Mountains; that it left slack water deposits both in tributary valleys 
and on the uplands; hence, that it was virtually ponded. The data also 
prove that the flood was later than the major physiographic development 
of the region, as Bretz has continually insisted, so that a method of delay- 
ing or even entirely blocking the flow of the flood waters must be sought 
to explain the ponding. In spite of the obvious difficulties of such an 
explanation, the writer believes: that the ponding was produced by a 
blockade of ice in the Columbia River gorge through the Cascade Moun- 
tains ; that the rise of the Columbia River to abnormally high levels began 
at the gorge and not on the plateau of eastern Washington ; that the block- 
ade gradually grew headward until it extended into eastern Washing- 
ton; that, as the waters were damned to progressively higher levels, 


2J Harlen Bretz: Channeled scablands of the Columbia Plateau. Jour. Geol., vol. 31, 
1923, pp. 617-649 ; 
: Dalles type of river channel. Jour. Geol., vol. 32, 1924, pp. 139-149; 
The Spokane Flood beyond the channeled scabland. Jour. Geol., vol. 33, 
1925, pp. 97-115, 236-259 ; 
: The Spokane Flood—a reply. Jour. Geol., vol. 35, 1927, pp. 461-468. 
Alternative hypotheses for channeled scabland. Jour. Geol., vol. 36, 1928, 


pp. 193-223, 312-341 ; 
: Bars of channeled scabland. Bull. Geol. Soc. Amer., vol. 39, 1928, pp. 


643-702 ; 
Channeled scabland of eastern Washington. Geog. Review, vol. 18, 1928, 


pp. 446-477 ; 
Valley deposits immediately east of channeled scabland. Jour. Geol., vol. 
37, 1929, pp. 393-427, 505-541 ; 

Valley deposits immediately west of channeled scabland. Jour. Geol., vol. 
38, 1930, pp. 385-422 ; 

: Grand Coulee. Am. Geog. Soc., Special Pub. 15, 1932. 
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they were diverted by the ice 
into a succession of routes 
across secondary drainage di- 
vides at increasing altitudes, 
producing scablands and 
perched gravel deposits along 
the diversion routes, distribut- 
ing iceberg-rafted erratics far 
and wide, and depositing pebbly 
silts in slack-water areas. This 
interpretation of the flood does 
not require a short-lived catas- 
trophic flood but explains the 
scablands, the gravel deposits, 
diversion channels, and divide 
crossings as the effects of a 
moderate flow of water, now 
here and now there, over an 
extended period of time. It 
thus removes the flood from 
the “impossible” category. 

With this preliminary state- 
ment in mind, let us examine 
the field data to see how well 
the mechanism of the flood 
here suggested, emphasizing the 
importance of ice, affords a 
satisfactory interpretation of 
the facts. For the sake of 
brevity, this paper will treat 
only the Yakima Valley in 
south-central Washington and 
the area below the Wallula 
Gateway, shown in Figure 1, 
for which a considerable amount 
of new data is available. 


FIGURE 1.—Sketch Map of the lower 
Columbia River Basin of Oregon and 
Washington 
The areas treated in this paper are in 
lower Yakima Valley, and between the 
Wallula Gateway and Portland, Oregon. 
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Yakima VALLEY 
CHANDLER NARROWS SCABLAND 
In Yakima Valley (figure 2) the scabland at Chandler Narrows, the 
local gravel deposits in the lee of projecting spurs or on the east walls of 
tributary valleys, the mantle of pebbly, gritty silt, and the glacial boulders 
up to 1100 feet above sea-level, as described by Bretz,* are acceptable proof 
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FiGure 2.—Sketch Map of lower Yakima Valley, Washington 
Shows the setting of Chandler narrows and the iceberg mounds on the northeast flank of 
Rattlesnake Hills. 


of the invasion by glacial waters from the Columbia River valley. More- 
over, the scabland knobs and basins are evidence that the inflowing waters 
locally had considerable velocity. As noted by Bretz, the current would 
be “an uphill current, its velocity dependent on a surface gradient 
only.” The writer does not agree, however, that the Chandler scabland 
requires “enormous velocity over almost the whole wetted perimeter of 
the Narrows.” Instead, it seems more likely that the multiple channels 
of the Chandler scabland were eroded, not simultaneously, but in 


succession. 


%J Harlen Bretz: Valley deposits immediately west of the channeled scabland. Jour. 
Geol., vol. 38, 1930, pp. 412-422. 
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On the Prosser (Washington) topographic map, part of which is re- 
produced in Figure 3, the scabland basin along the east side of Section 7 
is oriented in a nearly north-south direction, as is also the smaller one 
in Section 8. To enter its northern end, the water must have risen to 
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Figure 8.—-Chandler Narrows Scabland 


Enlarged from the Prosser, Washington, topographic map, United States Geological Sur- 
vey. The numbers added are section numbers of T. 9 N., R. 26 E, 


between 900 and 950 feet above tide. The contour next below its south- 
ern end is 850 feet above tide. This would indicate that the water which 
produced this basin flowed down a locally steep gradient and in a nearly 
north-south direction. The concentrated scour in that direction and on 
that slope is not consistent with the theory of an “advancing wall of 
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water, like a gigantic bore” flowing west-southwestward, 450 feet above 
the valley bottom, in a valley two miles wide. 

The writer therefore proposes another explanation of (1) the localiza- 
tion of scour, (2) the trend of the rock basins or scabland channels, and 
(3) the locally steep gradient—namely, that these features are due to 
an abundance of floating ice in the flood waters. That floating ice was 
abundant is well shown by the abundance of erratic materials, ranging in 
character from silt to enormous boulders, not only within Yakima Valley 
but also throughout the flooded area as far down as the Willamette Val- 
ley, a tributary to the Columbia River west of the Cascade Mountains. 
That some of the ice blocks were very large is shown by the size of the ice- 
berg mounds on the northeast flank of the Rattlesnake Hills, one of which 
is shown in Figure 4, and by the large size of some of the boulders. It 
is, therefore, not difficult to conceive of a congestion of this floating ice at 
Chandler Narrows, whether or not we concede high velocity to the ap- 
proaching waters, for the Narrows lies just beyond a bend in the valley. 
As soon as an icejam was formed, the water would rise behind the jam 
and try to find an outlet around the obstruction. On the up-valley (or 
Yakima) side of the icejam the water-level would be lower, provided that 
the flood waters from the Columbia River rose faster than the Yakima 
River, on the other side, could fill the basin behind the icejam, so that 
any water flowing around the ice might possess high velocity and conse- 
quent capacity for erosion. In pouring around the ice obstruction, over 
rock divides and down the valley walls beyond, the incoming water could 
well erode such rock basins as are exemplified at Chandler Narrows. 
These rock basins then become analagous to plunge basins below water- 
falls. Of course, icebergs would be carried into these diversion channels 
and probably would choke them. In that event, the water would rise still 
higher and pour out of another outlet farther up the slope until it, too, 
was blocked by accumulating ice. In this way, a large series of channels 
may be cut—not all at once, but in a definite, though perhaps inextricable, 
succession. Thus, a greater proportion of the inflowing water would be 
effective in erosion; the erosive energy would be temporarily and locally 
concentrated; the total time involved would be greatly lengthened; and 
no catastrophic flooding would be required. In fact, the writer believes 
that the scabland buttes and channels of Chandler Narrows could not have 
resulted from the sort of flood pictured by Bretz, for the reason that such 
a flood offers no explanation of the localization of erosion (“plucking” of 
Bretz) of deep, narrow channels alongside steep-walled buttes. The 
severity of the local relief is better explained by a shifting of the courses 
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of the eroding currents, and such a shifting could easily have been pro- 
duced if we grant the possibility of an icejam in the Narrows. 


UP-VALLEY DEPOSITS 


The rubbly gravel deposits on the east wall of Corral Canyon, east of 
Chandler Narrows, are also better explained, in the writer’s opinion, as 
a sidehill dump from waters flowing alongside an icejam and over the 
edge of the tributary valley. The material evidently was derived mainly 
from the rock spur immediately to the east. Similar origin is assigned 
to the deposit on the east side of Snipes Creek valley, four and one-half 


FicurE 4.—Iceberg Mound on the North Flank of Rattlesnake Hills, Washington 


Its size may be judged by comparison with the automobile at the left. Erratic boulders, 
mostly of granite, are visible at the right. They number hundreds. The Columbia River 
is in the lowland in the distance. 


miles west of the Chandler scablands. This was made after the waters 
had risen to an altitude of more than 750 feet above sea-level. Presum- 
ably, by that time considerable ice, or a water-ice mixture, had been forced 
beyond the Chandler Narrows, but the width of the valley in the vicinity 
of Snipes Creek was still insufficient to allow free movement, so that some 
water made better progress along the north side of the obstructing ice and 
hence formed the rubbly dump on the east wall of the tributary valley. 
These sidehill deposits are common features of the Spokane Flood; the 
writer assigns all of them to waters diverted or obstructed by ice. 
Within the expanded portion of Yakima Valley above Prosser occurs a 
prominent terrace of alluvium older than the Spokane Flood. In the 
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Zillah quadrangle this terrace rises from about 750 feet above tide near 
Sunnyside to more than 900 feet above sea-level in the northwest corner 
of the map area, where only a narrow strip of terrace remains. Toward 
the north the terrace rises with a gentle slope to the foothills of Rattle- 
snake Ridge. Northwest of Granger the terrace, recently undercut by 
the Yakima River, stands 50 to 100 feet above the lower alluvial plain 
about Wapato (861 feet) and Toppenish (755 feet above sea-level). In 
places, as near Zillah, the terrace has been dissected by erosion to a gently 
rolling surface. This terrace is composed of gravel, sand, and silt and is 
mantled with silts of the Spokane Flood. The fairly wide lower (Wapato- 
Toppenish) surface and the present floodplains do not bear Spokane Flood 
silts. The last and penultimate surfaces are, thus, younger than the 
flood, whereas the antepenultimate (terrace) and older surfaces are 
older than the flood. This physiographic relation prevails throughout 
the lower Columbia River basin, including the Willamette Valley of 
Oregon. 

Physiographic relations of the flood deposits are well shown at the north 
end of Union Gap, about four miles south of Yakima, Washington, where 
a remnant of a gravel terrace is overlain by beds of sand and silt, partly 
of flood origin. This remnant is on the west side of the Yakima River, 
south of a projecting spur of basalt, and, hence, protected from erosion. 
An old gravel pit beside the railroad track affords a good exposure 
(figure 5). 

The gravel at the base of the section is well cemented and stands in a 
vertical wall. Pebbles in the top of the gravel bed, to a depth of about 
two feet, are softened and partly weathered to clay. Calcareous incrusta- 
tions are abundant just below the weathered zone. Above the weathered 
gravel is a four-foot bed of compact, brown clayey silt. Above this occurs 
six feet of sand and silt in regularly alternating thin beds and then five 
feet of pebbly sand. A granite (?) boulder, a foot in diameter, is en- 
closed near the top of the sand-silt horizon. The thin-bedded sand and 
silt deposits are thought to be lake beds of the Spokane Flood stage and 
the granite boulder, the product of iceberg-rafting. The weathered and 
caliche-marked gravel below is clearly older than the flood, and the clayey 
silt in the middle of the section, probably so. If the banding in the sup- 
posed lake-beds represents annual increments, the duration of the lake 
must have been several years. It is noteworthy, too, that this exposure is 
about 1000 feet above tide, only a little below the uppermost level of 
ponding in Yakima Valley; hence, it probably represents only a fraction 
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of the deposits of the flood episode. The total time of ponding may, there- 
fore, have been much longer than this section appears to indicate. Pos- 
sibly, the banding represents only repeated freezing and thawing or 
repeated influx of glacial waters past Chandler Narrows. 

This discussion of Yakima Valley is prompted by the fact that the 
features discussed are typical of the flooded area. Sufficient data are avail- 
able to justify two general conclusions: first, that ice obstructions played 
a prominent part in the formation of certain scabland channels and local 
sidehill deposits; second, that the flood was eventually ponded. The 


Ficure 5.—Spokane Flood Deposits overlying older terrace Materials at Union Gap near 
Yakima, Washington 


Note the erratic boulder in the stratified sand and silt in the upper part of the section. 


writer further ventures the opinion that the conditions at Chandler Nar- 
rows form, in miniature, a picture of the flood at large on the Columbia 
Plateau. It epitomizes the work of a flood as it sought to avoid obstruc- 
tions ahead of it by adopting circuitous courses. Here the waters, diverted 
by an icejam, re-entered the same valley just beyond the ice; on the 
plateau the diverted waters crossed divides and continued along inde- 
pendent drainage lines until the drainage ways converged. The divide 
crossings show complexes of scabland buttes and channels like those at 
Chandler, but on a larger scale. As examples may be mentioned the scab- 
land tracts of Drumheller and of Othello channels and of Palouse and of 
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Devil canyons, so well described by Bretz. The full discussion of these 
features of the plateau, however, is beyond the intent of this paper ; instead, 
let us give attention to new data in the area below the Wallula Gateway. 


UMATILLA QUADRANGLE * 


HEIGHT OF THE FLOOD 


Relying upon a “contrast between the uneroded Emigrant Buttes and 
the craggy Hermiston and Umatilla buttes,” Bretz® originally concluded 
that Hermiston and Umatilla buttes were overrun by the flood while Emi- 
grant Buttes stood beyond and above its limits and that the upper limit 
was not quite 750 feet above sea-level. A later paper® raised the flood 
level but did not assign a limit. However, there is abundant field evi- 
dence that the waters rose much higher than 750 feet above tide; for 
example, glacial erratics are fairly abundant in a belt 15 to 20 miles 
south of Columbia River at elevations up to more than 1000 feet above 
tide. Moreover, a deposit of pebbly silt laps up onto the loess-covered 
hills to the same altitude. Some of the highest occurrences of erratics are 
listed in Table 1. 

One of the best places to see these erratics is along the old Oregon Trail, 
about 12 to 15 miles southwest of Echo, Oregon. The trail is still open 
west of Butter Creek valley as far as the Morrow County-Umatilla County 
line (middle of Range 27 E.). Rainwash and deflation have lowered the 
trail surface several feet into the pebbly glacial silt which mantles the sur- 
face, thus exposing glacial boulders in the silt walls. Moreover, angular 
glacial fragments of the sand and pebble sizes are strewn thickly over the 
bottom of the defile, where they were left behind as wind and water re- 
moved the more readily transported silt. Erratic cobbles and boulders 
are abundant from about 800 feet on up the slope to the county line. 
They are especially common on the nearly flat upland above 1000 feet. 
Beveled edges and striations appear on some of them. Granites, blue 
quartzite, and other rocks are represented. One of the boulders is six 
feet in diameter. At an elevation of about 985 feet the road-wash ex- 
poses an older cemented gravel underneath a thin cover of the pebbly and 


*The quadrangles named correspond to the topographic sheets issued by the U. 8. 
Geological Survey. Since these maps are generally available, they are not reproduced here. 
The principal places mentioned in the text, however, may be located in figures 6 and 16. 

5 J Harlen Bretz: The Spokane Flood beyond the channeled scablands. Jour. Geol., vol. 
33, 1925, pp. 240-242. 

®J Harlen Bretz: Bars of channeled scabiand. Bull., Geol. Soc. Amer., vol. 39, 1928, 
pp. 681-683. 
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TaBLeE 1.—Glacial Erratics in the Umatilla Quadrangle 


oo —_ Section | Quarter | Elevation Remarks 

3 30 9 SW 900 Granite’ boulder exposed in 
silt in roadcut. 

2 30 8 NW 1025 One mile south of Nolin. 

3 29 11 SW 860 Two of granite. 

3 29 20 SE 775 

3 29 34 SW 975 Several pieces of granite. 

2 29 5 SW 950 

2 29 6 SE 1000 

2 29 7 NW 975 

2 29 9 NW 950 

3 28 3 center 725 Four of granite, on Emigrant 
Butte. 

2 28 6 SW 875 Several. 

2 28 1 SW 900 A large number in a clump. 

3 27 34 SE 1025 Very numerous. 


bouldery glacial silt. Above 1050 feet the silt becomes thin and the er- 
ratics smaller and fewer, so that the upper limit is difficult to determine, 
especially as the higher slopes are commonly covered with loess, but it 
appears to be about 1100 feet or possibly 1150 feet above sea-level. This 
agrees with the flood-level in the Columbia River valley immediately above 
the Wallula Gateway and in the areas farther west, as described in subse- 
quent pages. The approximate limits of the flooded area are shown in 
Figure 6. The thickness of the silt in open country at lower elevations is 
as much as 10 feet. In the Umatilla River valley near Echo, Oregon, an 
even greater thickness of silt is exposed in cuts along the State highway, 
for a distance of five miles southeast of Echo. The silt overlies basalt or, 
in places, caliche-marked gravel. It forms a sort of fan- or delta-terrace 
with a moderate slope toward the axis of the valley. Its western edge is 
truncated by the river, but its eastern edge grades into the valley walls. 
The cuts reveal thin-bedded structure which suggests deposition in rela- 
tively quiet waters. The westward slope of the deposit and its occurrence 
only on the east side of the valley suggest that at least part of the ma- 
terial was swept off the higher slopes above by gentle westerly currents 
at the time of the flood. Up-valley beyond Nolin, Oregon, where the valley 
walls stand 1200 feet or more above sea-level, the terrace is lacking. 


XLV—BULL. GEOL. Soc. AM., Vou. 44. 1933 
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DIVERSION CHANNELS 


The Umatilla lowland is occupied by extensive deposits of somewhat in- 
durated pre-flood gravel, disposed in terraces, later mutilated and chan- 
neled by the flood and masked by flood-wash and recent wind-blown sand. 
These gravel deposits, with the minor exception of admittedly older 
gravels near Stanfield, Oregon, Bretz called “bars” of the Spokane Flood. 
Apparently, he did not consider the possibility of the presence of terraces, 
eroded by the flood and simply bordered by foreset-bedded gravel and sand 
dumped over their edges by the flood, in such a way as to give an erroneous 
impression of the whole tract. Certain “flutings,” which to Bretz per- 
mitted only a “bar” explanation, in the writer’s opinion, may better be 
considered the result of erosion of previous gravels, somewhat as any valley 
fill may become fluted by a shifting stream in the course of development 
of alluvial terraces. Moreover, bars of the magnitude suggested by Bretz 
are inconsistent with the ponding which the data in this paper indicate. 

Minor channeling is visible near Sillusi Butte (across the Columbia 
River from Umatilla) and over the 300- and 450-foot gravel benches north 
of the Columbia River in T. 5 N., R. 27 E. Some of the broad channels 
south of the Columbia River, such as the one northeast of Hermiston and 
that of Fourmile Gap northeast of Stanfield, are especially noteworthy. 
The following sequence of development appears to be applicable. Suppose 
that the proper channel of the Columbia River was blocked by an icejam 
which began somewhere downstream and continued to grow headward by 
the piling up of more ice. If the head of such an icejam should reach a 
point a few miles east of Umatilla, Oregon, and attain an elevation of 
more than 500 feet, the water of the Columbia River would be diverted 
over the 500-foot bench south of the river. The channel from Cold 
Springs to Hermiston, crossing the divide at about 460 feet above tide, 
may have been used at that time. If the ice continued to accumulate and 
the flood-level to rise, this channel might also be blocked by ice and a new 
diversion route be needed. Fourmile Gap, leading from Cold Springs 
Reservoir to Stanfield, may then have come into use. Its maximum ele- 
vation is a little more than 650 feet above sea-level. 

Because of the blockade in the Columbia River, lower Umatilla River 
could not have discharged the diverted waters. Instead, they had to find 
courses alongside the icejam or over the gravel plain west of the Umatilla 
River. South of the terrace at 650-feet elevation southeast of Irrigon, 
Oregon, is a broad irregular channel, a little less than 600 feet in eleva- 
tion, separating the terrace from the higher ground farther south. A 
narrower channel at 600 feet elevation extends southwesterly from a 
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point near Umatilla. Even the higher ground to the south has its slopes 
transected just under an elevation of 700 feet and again at an elevation 
of more than 800 feet. Although erratics and glacial silt show that the 
water eventually rose to above 1100 feet elevation, there are no prom- 
inent channels at higher elevations. 

This notching or channeling of inter-stream tracts is, in the writer’s 
opinion, better interpreted as evidence of progressive rise of the flood and 
progressive blocking of successively higher diversion routes than as the 
simultaneous products of a catastrophic flood. 


BiaLock IsLAND QUADRANGLE 
RANGE OF THE FLOOD 


The pre-flood gravels of the Umatilla lowland extend westward across 
the Blalock Island quadrangle, on both sides of the river. Scabland 
buttes of basalt protrude from the gravel plain three miles northeast of 
Paterson, at the east end of Canoe Ridge, on Crowe Butte, and elsewhere, 
but channeling of the gravel plain is not pronounced. Channels, however, 
do cross the high bench on both the north and the south sides of Golgotha 
Butte. At the junction of each channel with the north-south Alder Creek 
valley, poorly sorted, poorly bedded deposits of basaltic rubble, reworked 
gravel, sand, and silt were dumped over the valley wall. The gravel ridge 
north of Golgotha Butte was breached in two places, but the. remainder 
of the ridge seems to have formed an effective screen against the passage of 
icebergs, for its eastern side is thickly strewn with erratic boulders, espe- 
cially in E. 4, Sec. 22, T. 5 N., R. 23 E., at elevations of about 750 feet. 
Gray silts with scattered erratics extend several miles to the north and 
northwest. Erratics, ranging in size from sand grains to boulders in a 
silty matrix, are abundant west of Alder Creek, especially in Sec. 28, 
T.5 N., R. 23 E., and good exposures of well-bedded silt are to be seen in 
Six-prong Creek valley. 

Along the highway between Paterson, Washington, and Yakima Val- 
ley, flood-derived silts are treaceable northward several miles onto the 
southern edge of the Prosser quadrangle (immediately north of Blalock 
Island quadrangle). At the common corner of sections 5, 6, 7, and 8, 
T. 6 N., R. 26 E., a thin sheet of silt and a granite boulder lie on caliche 
at an elevation of 880 feet. The extreme edge of the silt, obscured by 
wind sweeping, lies six or seven miles farther north. 

South of the Columbia River, loose sand, partly in dunes, obscures the 
geology for a width of two townships. Limited exposures suggest that the 
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tract is underlain by pre-flood sediments. Farther south is another belt, 
about five to ten miles wide, covered with light gray silt and scattered 
erratics, extending up to about 1100 feet above sea-level. The old Emi- 
grant Road runs though the middle of it. Gullies, roadeuts, and trail 
surfaces, more or less incised in the loose, powdery silts, expose erratics 
which otherwise are generally hidden. In minor valleys the silts tend to 
form terraces. Land higher than 1100 feet elevation is mantled with 
loess or with compact, brown, clayey soil derived from the underlying 
basalt. The elevations of a few of the erratics follow; search would prob- 
ably reveal scores of others. 


TaBLeE 2.—Erratics south of the Columbia River in Blalock Island Quadrangle 


E. % Sec. 34, T. 2 N., R. 25 E., several in a field, 900 feet above tide. 

W.% Sec. 3,T.1N., R. 25 E., granite boulder, 1050 feet above tide. 

SW. 4 Sec. 26, T. 2.N., R. 23 E., 4-foot granite boulder, 950 feet above tide. 
S. % Sec. 32, T. 2 N., R. 23 E., small granite boulder, 825 feet above tide. 


WILLOW CREEK VALLEY 


On the west side of Willow Creek valley, near Cecil and Morgan, 
Oregon, the Jower part of the valley wall is composed of basalt while the 
upper slopes contain several hundred feet of the gravelly Arlington forma- 
tion. At Cecil the east wall of the valley is broken down, and a delta- 
terrace of silt hides the underlying rock. In a roadcut at Cecil a granite 
pebble, probably out of the Arlington formation, was found in the well- 
bedded silts. Many other cuts expose a valley deposit of thin-bedded silt 
as far south as Morgan, beyond which the valley walls rise to more than 
1200 feet above sea-level and out of range of the flood. Possibly these 
silts overlie an earlier alluvial terrace, but the known exposures give 
no such indication. A general view of the valley-filling is shown in 
Figure 7. The intra-valley silts are continuous with those on the upland 
to the east. Lying on the valley bottom (here 600 to 700 feet above sea- 
level), they indicate that the valley had been eroded about to its present 
depth before the flood, and that little erosion except the removal of part of 
the silts has occurred since then. 

In the lower part of Willow Creek valley (shown in Arlington quad- 
rangle) deposits, washed over the east wall, appear for miles along its 
course. Part of the material of the sidehill dump is gravel, probably 
derived from Arlington beds at hand. The principal exposures, how- 
ever, are at the ends of shoulders of remnants of a terrace which slopes 
up gradually almost to the brink of the canyon. Remnants of correspond- 
ing fill occur, here and there, on the west side of the valley. Cuts reveal] 
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20 to 50 feet of thin-bedded sands and silts composing the terrace. The 
base of the deposit is less than 50 feet above Willow Creek, so that valley 
deepening since the flood is almost nil. 


ARLINGTON QUADRANGLE 
FLOOD BEHAVIOR 
Bretz, in an early paper * describing the behavior of the Spokane Flood 
near Arlington, points out two flood channels across the divide between 


Willow Creek and Alkali Creek and describes a “delta front with 30° 
slope and fine foreset bedding at the same angle” extending two and one- 


Ficure 7.—Valley-Fill in Willow Creek Valley 


Looking nor: beast from an altitude of about 1000 feet on the west side of the valley, 
toward Cecil station, which is hidden from view near the trees in the middle distance. 
Note the truncation of the terrace spurs at the edge of the present valley bottom and the 
gradual slopes with which the terrace joins the upland beyond. 


half miles along the east side of Alkali Canyon. Bretz is correct con- 
cerning these channels and the deposits at their mouths, but the writer 
believes he was mistaken in thinking that otherwise the flood was confined 
within the walls of the present Columbia River canyon. The flood over- 
lapped the plateau north of the canyon for several miles and spread 
widely over several townships south of the Columbia River, as is shown 
by definite scabland, by channeling on the upland surfaces, by deposits at 
channel mouths, by a wide distribution of large erratics and of silt, and 


7J Harlen Bretz: The Spokane Flood beyond the channeled scabland. Jour. Geol., vol. 
33, 1925, pp. 243-244. 
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by the partial filling of certain valleys. In a later paper * describing bars, 
Bretz states that the upper limit of the flood, near Quinton, Oregon, was 
at least 950 feet above tide. Even this figure is not high enough. 

Iceberg-rafted boulders, at elevations said to be nearly 1200 feet above 
sea-level, were noted by Hodge,® who sought to explain them as the 
products of icejams in Columbia River channels older than the present 
course of the river. In his paper, Hodge makes no mention of a possible 
Spokane Flood. The writer does not agree with Hodge’s interpretation 
of the “moraine-like deposits” nor with his explanation of the channels. 

The broad tract between Arlington and Willow Creek is underlain by 
the Arlington formation, resting upon an irregular surface of basalt. 
Rounded hills and mesa-like benches of the Arlington gravels are separated 
from each other by a complex of stream channels. The middle of each 
channel is generally higher than either end, although virtually untouched 
by erosion since the channels were made. Locally, the topography is 
somewhat hummocky, but the hummocks, instead of being glacial till as 
one might expect from the diagrams by Hodge, are composed of well- 
rounded basalt and quartzite gravel—in short, of Arlington materials.?° 
In the writer’s opinion, most of the hummocks are erosional remnants of 
Arlington formation; a small part may be channel bars of reworked 
Arlington, but the forms are mainly erosional rather than constructional. 
True iceberg-mounds, like those on the north flank of Rattlesnake Ridge 
in Washington (figure 4), are rare, although erratics are fairly common, 
especially on the eastern sides of the divides. Iceberg-rafted boulders, 
some of enormous size, are present, but in the channeled areas they rest 
on the Arlington formation or, less often, on basalt. One of the channels 
and an iceberg deposit are shown in Figure 8. 


DIVERSION CHANNELS 


Diversion channels are abundant in the Arlington quadrangle, mainly 
because a large part of the plateau top was within the critical range of 
elevation—between 800 and 1200 feet above sea-level—so that no capacious 
routes were available to carry off the waters seeking outlet to the west 
outside Columbia River canyon. Instead, the diversion routes across 
divides were generally shallow and easily blocked by icejams, thus bring- 
ing into service many additional channels. A prominent channel (“The 


8 J Harlen Bretz: Bars of channeled scabland. Bull. Geol. Soc. Amer., vol. 39, 1928, p. 
620. 

*®. T. Hodge: Exceptional moraine-like deposits in Oregon. Bull. Geol. Soc. Amer., vol. 
42, 1931, pp. 985-1010. 

19In this respect the diagrams of Hodge are misleading. He himself admits that the 
“moraine-like deposits’ are mainly gravel. 
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Narrows”) near Quinton is well described by Bretz.** A number of these 
channels were pointed out in the paper by Hodge, but with a different 
interpretation. They are too numerous and too complex to be listed here, 
but are shown on the Arlington, Oregon, topographic map of the United 
States Geological Survey. 

North of this section of the Columbia River, diversion channels are 
fewer, because the valley walls stood entirely above or only a little below 
the upper limit of the flood. One prominent channel, however, crosses 
“The Burn” from the western part of T. 3 N., R. 20 E., west and south- 
west through sections 24, 23, and 26, T. 3 N., R. 19 E., and several minor 
ones, scarcely recognizable from the 50-foot contours on the topographic 
map, cross rock spurs within a mile or two of the brink of the Columbia 
River canyon.’* 

SCABLAND 


The Arlington formation did not lend itself well to the production of 
scabland, and in the flooded area the Columbia River basalt was buried 
beneath Arlington beds, except along canyons, in certain protruding 
buttes, or in channels excavated by the flood itself. Wherever the basalt 
in these situations was exposed to the vigor of the flood, scabland was 
the result, as shown along the Columbia River canyon, along the Quin- 
ton diversion channel (“The Narrows”) where it is excellent, along the 
main channel across The Burn, near the head of Jones Canyon, in the 
buttes west of Eddy, and elsewhere. The basalt in Turner Butte and 
Diamond Butte was, for the most part, out of reach of the flood, which 
impinged against their lower slopes. A trace of scabland occurs on the 
north side of Diamond Butte, but avoiding that, one can drive a car to 
the top of the butte (1169 feet above tide). 


ERRATICS 


Because of the prevailing shallowness and multiplicity of diversion 
routes across the inter-stream areas, conditions in the Arlington region 
were especially favorable for the stranding of icebergs and, hence, for the 
deposition of erratic boulders. These erratics are found in the greatest 
numbers on the east sides of the divides. Thus, they are particularly 
abundant (1) on the east sides of the hills in the channeled tract between 
Arlington and Willow Creek (as in figure 9), (2) on the mutilated ridge 


uJ Harlen Bretz: Bars of channeled scabland. Bull. Geol. Soc. Amer., vol. 39, 1928, 
p. 686. 

22 The enclosed depressions, shown on the south side of Alder Ridge, are not in flood 
channels but are caused by large landslides. 
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Fictre 8.—Upland Channel utilized by the Spokane Flood, east of Arlington, Oregon 


This channel rises toward the northwest, crosses a col through the gravels of the Arling- 
ton formation, which forms the hills to the left, and continues westward to Alkali Canyon. 
The light-colored patch at the right is a deposit of glacial till evidently dropped by one or 
more icebergs which failed to get across the divide. Boulders of several kinds of rocks 
appear in it. 


Figure 9.—Looking Southwest from a Point near the Head of Jones Canyon 


Flood-swept basalt appears in the foreground. The light-colored boulder near the center is 
of granite. Many others occur in the broad diversion channel in the distance. 


‘ 
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FiGurE 10.—Valley Mouth Filling in Old Lady Canyon, Washington 


View from the Oregon side of the Columbia River. Scabland ledges at the left and ex- 
treme right are of basalt. 


Ficure 11.—Terraced up-valley Portion of the Old Lady Canyon Fill 


View from the road in NE. % Sec. 15, T. 3 N., R. 20 E. Note the smooth profiles near the 
valley walls and the limited post-flood erosion. 
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between Eddy and Jones Canyon, (3) near the head of Jones Canyon 
(figure 11), and (4) on the east side of the row of buttes which includes 
Turner and Diamond buttes. These buttes and the intervening cols 
apparently served as a sort of screen which effectively prevented the pas- 
sage of boulder-laden ice. One boulder of granite in NW. 4 Sec. 4, 
T.1N., R. 20 E. is 12 & 6 & 4 feet and lies 1050 feet above sea-level. 

Erratics noted north of the Columbia River include boulders (1) in 
S. % Sec. 30, T. 3 N., R. 19 E., at 925 feet above tide, (2) in NW. 4 
Sec. 20, T. 3 N., R. 20 E., at 925 feet, (3) several in SW. 14 Sec. 5, T. 3 
N., R. 20 E. at 1075 feet, and (4) in considerable abundance near Six- 
prong, north of Alder Ridge, especially between 900 and 1000 feet above 
tide. The ponded water in the area north of Alder Ridge occupied a bay, 
or cul de sac, open only toward the east, and apparently received many 
icebergs. 

OTHER FLOOD DEPOSITS 


In addition to the erratics, the flood left several different kinds of de- 
posits, including (1) “bars” at the mouths of tributary valleys, (2) 
sidehill deposits swept off the upland and dumped over the sides of 
tributary valleys, especially at the mouths of diversion channels, and (3) 
thin-bedded silts in the bottoms of certain tributary valleys and more or 
less pebbly or gritty silts in the slack-water areas on the upland. The 
“bars” at the mouths of Jones Canyon, Lang Canyon, Chapman Creek, 
Rock Creek, and Quinton Canyon were described by Bretz** and require 
little comment. Characteristically, they are appended to shoulders of 
basalt along the east walls of the tributary valleys; they evidently were 
formed by currents which came, not from the valley mouth, but instead 
swept over these salients, dumping rubbly débris down over the tributary 
valley walls, and on up the valleys. Foreset bedding in these deposits, as 
revealed by subsequent trenching by streams, is prevailingly across the 
valley (westward) or up-valley, but there are many minor variations. 
Internal irregularities of sorting, “cut-and-fill” structures, are common. 
This is well seen in the deposit near the mouth of Chapman Creek. 

One of the largest valley mouth deposits was not mentioned by Bretz. 
This is at the mouth of Old Lady Canyon, about four miles west of Roose- 
velt, Washington. Seen from across the Columbia River, it appears to be 
a high terrace (figure 10) through which the creek has cut a narrow V- 
shaped notch. Its crest is nearly 750 feet above sea-level. Its base is 


13 J Harlen Bretz: The Spokane Flood beyond the channeled scabland. Jour. Geol., vol. 
33, 1925, pp. 244-246; Bars of channeled scabland. Bull. Geol. Soc. Amer., vol. 39, 
1928, pp. 685-690. 
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irregular, but it extends down to the present stream-level, so that the 
maximum thickness is at least 250 feet. The material in the deposit is 
largely gravel and sand, apparently reworked from the Arlington forma- 
tion, and probably most of it derived from the basaltic shoulder imme- 
diately to the east. The terrace, however, may have a foundation of pre- 
flood gravels. Up-valley its surface descends gradually and becomes con- 
fluent with a valley bottom deposit of silt which forms a low terrace 
extending a mile or more upstream (figure 11). The silts are loose, thin- 


FIGURE 12.—Remnant of Valley Filling 


Light gray silt (at the left) in Rock Creek valley, Sec. 9, T. 3 N., R. 19 E. in Washington. 
The valley walls are composed of basalt. 


bedded, quiet-water deposits. They are not confined to the valley bottom, 
however, but lap up onto the valley walls. In form and structure the 
valley mouth deposit here is not an “eddy bar.” Taken together, the 
valley mouth deposit of sand and gravel and the up-valley silts may be 
classified as a form of delta, built into Old Lady Canyon by waters pour- 
ing over the valley wall near the mouth. Such a deposit might be ex- 
pected from flood waters seeking a way around a persistent blockade of 
ice in the Columbia River valley, but not from a catastrophic flood of the 
type postulated by Bretz. The time required for the construction of such 
a deposit favors the icejam theory, even though rapid deposition be ad- 
mitted. 
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FiGcurE 13.—Valley-bottom and sidehill Deposit in Alkali Canyon near Eddy station, south 
of Arlington, Oregon 
The flatter part of the terrace is composed of gray silt and fine sand, whereas the upper 


slopes, adjacent to the basalt wall, are of gravel from the Arlington formation which 
overlies the basalt. 


FiGurE 14.—Roadcut in valley-bottom Silts in Alkali Canyon 
Showing the stratification, two miles southeast of Arlington, Oregon, and about 450 feet 
above tide. 
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Remnants of a deposit of silt are also well shown in Rock Creek valley 
(in Washington), although the greater part has been removed by erosion 
(figure 12). The silt forms a low terrace which joins the valley walls with 
a gradually rising slope. The material is thin-bedded and evidently was 
deposited in ponded waters. In Sec. 9, T. 3 N., R. 19 E. the terrace is 550 
feet above sea-level, but it slopes nearly 50 feet per mile downstream, con- 
forming with the profile of the present valley bottom. It apparently never 
had a flat surface, either across the valley or along its length. Its position 
on the valley bottom and the lower walls of the canyon indicates clearly 
that Rock Creek canyon had essentially its present depth and profile 
before the flood. 

Among the sidehill deposits at the mouths of diversion channels, the 
one on the east side of Alkali Canyon, south of Arlington, was described 
by Bretz ?* as a “well-formed delta front with 30° slope and fine foreset 
bedding at the same angle” extending out into Alkali Canyon. “The 
delta front is about 214 miles wide, and the brink varies from 650 to 700 
feet above tide.” Remnants of a terrace of valley-bottom silts, best seen 
near Eddy, are probably the bottom-set beds corresponding to the fore- 
sets along the east valley wall (figures 13 and 14). A good exposure is 
furnished by a roadcut in Sec. 34, T. 3 N., R. 21 E., about two miles 
southeast of Arlington, and 450 feet above sea-level, where silts and sands 
are interbedded. The beds are from a fraction of an inch to about six 
inches thick. Some are distinctly varve-like. The total number was not 
counted but must be at least one hundred. Whether they represent annual 
increments or merely alternate freezing and thawing or surging of the 
flood, they at least record fluctuations and suggest an extended period of 
deposition. Grains of grit, sand, and larger rock chips, some of which 
are clearly erratic, are scattered through the silt. These coarse materials 
presumably were dropped out of melting icebergs that passed over the 
site as the silts were accumulating. Remnants of this valley fill may be 
seen southward at least two miles beyond Shutler. At an elevation of 
1050 feet above tide in SW. 14 Sec. 11, T. 1 N., R. 21 E., silt three feet 
thick overlies caliche-marked gravels of the Arlington formation; two 
miles farther south at 1200 feet above tide no light gray silts of the flood 
stage are present. On the slopes between 1050 and 1200 feet elevation, 
flood silts are scarcely distinguishable from loess. The flood silt (no 
doubt containing Palouse loess as well as glacial flour) is especially sub- 
ject to redistribution by strong winds sweeping across the plateau in 


14 J Harlen Bretz: The Spokane Flood beyond the channeled scablands. Jour. Geol., 
vol. 33, 1925, p. 244. 
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dry seasons, so that the upper limit of the flood is better attested by erratic 
boulders than by the accompanying silts. 

Alkali Canyon, between Shutler and Rock Creek, Oregon, was a dis- 
charge way and, therefore, has no filling of silts. Through most of its 
course the valley bottom lies near the contact of the Arlington formation 
and the underlying basalt, but at the southwest end it cuts through the 
basalt and joins Rock Creek at grade. At this point; scabland forms 


Figure 15.—Scabland along the Columbia River 


View eastward near the mouth of Deschutes River, which enters at the extreme right. 
Note the scabland buttes near the center, and the scrubbed surfaces of the basalt ledges 
on both sides of the river. The soil-covered slopes in the left distance were out of range 
of the flood waters and therefore contrast sharply with the scablands below. The fore- 
ground is underlain by gravels, channeled by flood waters diverted over them, presum- 
ably by ice jammed in the canyon. 


appear in the basalt and continue, on a moderate scale, on down Rock 
Creek canyon but not up Rock Creek valley. Instead, on the up-stream 
side of the junction is a deposit of boulders, gravel, and sand, sloping 
east and southeast from the rock spur immediately northeast of Rock 
Creek station. It lies between 700 and 800 feet above tide. Road cuts 
on the south side reveal its composition and its bedded structure. This 
deposit, partially blocking Rock Creek valley, Oregon, whether called a 
“bar,” a fan, or a delta, clearly was made by the stream which came out 


of Alkali Canyon. 
About two miles west of Rock Creek station, a large sidehill bar was 
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made on the canyon wall by flood waters which swept over the rock terrace 
at 800 feet elevation in Sec. 16, T. 1 N., R. 20 E. The north wall of Rock 
Creek canyon, west of Diamond Butte, is broken down in several places 
where the diverted flood waters poured out of the spillways near Diamond 
and Turner buttes, and minor deposits of gravel and sand occur along 
the lower parts of these courses. A remarkably large embankment of 
gravel in a perched position below 875 feet above tide, on the east wall of 
John Day Canyon near McDonald, at the mouths of the spillways which 
converged in NE. 4 Sec. 2, T. 1 N., R. 19 E., seems to be a kind of delta 
built on the side of the canyon at a time when the canyon itself was filled 
to that level with relatively slack water. Foresets are down the slope, 
and the deposit is local and little eroded, so that it cannot be a remnant 
of an ordinary gravel terrace. Its peculiar position indicates clearly that 
John Day Canyon is older than the flood. 

The prominent “bars” or sidehill dumps (1) east of Arlington, (2) 
in Jones Canyon, (3) at the Columbia end of the “Narrows” near Quin- 
ton, and (4) on the wall of John Day Canyon at the western terminus of 
the “Narrows” were well described by Bretz.’° Nothing in his descrip- 
tions is inconsistent with the icejam theory here proposed; rather, the 
peculiar positions of these deposits are the logical outcome of flood diver- 
sions, for which ice furnishes a better cause than mere volume of water. 


BETWEEN THE ARLINGTON AND THE DALLES QUADRANGLES 


In the unmapped quadrangle immediately west of the Arlington, the 
Spokane Flood was more nearly confined to the present Columbia 
River canyon (figure 15), but divide crossings, sidehill deposits, and other 
peculiar features are not altogether missing. Flood deposits at Rufus 
and at Biggs, Oregon, and at Maryhill, Washington, were listed by Bretz 
and those at Rufus and at Biggs later described.’* In addition to these 
gravels, other deposits occur farther south and at higher elevations. A 
few feet of faintly-bedded, loose, pebbly silts, with streaks of fine sand and 
even fine gravel, exposed in a roadeut about four and one-half miles 
south of Rufus, Oregon, at an elevation of about 1100 feet, evidently 
record a less vigorous phase of the flood: fragments of granite, incor- 
porated in the silts, presumably were rafted by icebergs. Similar silts and 
scattered erratics may be seen at several places farther west. The divides 


13 J Harlen Bretz: Bars of channeled scabland. Bull. Geol. Soc. Amer., vol. 39, 1928, 


pp. 684-690 and accompanying plates. 
16 J Harlen Bretz: The Spokane Flood beyond the channeled scabland. Jour. Geol.. vol. 
33, 1925, p. 245; Bars of channeled scabland. Bull. Geol. Soc. Amer., vol. 39, 1928, 
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between minor tributary gulches back of Rufus and of Biggs are fairly 
high, so that scabland channels are not prominent on this part of the 
plateau, although a few cols are below the maximum height of the flood 
and presumably were used for a time. A high level channel about five 
miles west of Quinton, Oregon, leading from the Columbia River canyon 
across the narrow inter-valley spur to John Day Canyon, is especially 
notable. The flood also crossed the top of the basalt bench west of 
Deschutes River, producing scabland on the basalt and eroding the gravels 
(Arlington?) overlying the basalt bench through a width of about half 
a mile (figure 15). 

On the north side of the Columbia River, two 3-foot erratic boulders 
were observed on the east side of a broad col in the sloping rock shoulder 
west of Maryhill, Washington, at an elevation of 775 feet (nearly 200 
feet above the sidehill gravel deposit listed by Bretz), and several others 
were seen at elevations between 750 and 800 feet along the valley road 
east of Maryhill. Scabland buttes and channels, sidehill deposits, and 
minor diversion channels over projecting spurs are also common along 
this section of the river. 


THE DALLES QUADRANGLE 
FIFTEENMILE CREEK AREA 


Effects of the flood, including diversion channels, erratics, sidehill de- 
posits of gravel, and extensive lacustrine silts, are well displayed in The 
Dalles quadrangle. In Sec. 21 and 28, T. 2 N., R. 14 E., the flood crossed 
the narrow divide between the Columbia River and Fifteenmile Creek, 
through a breach now nearly a mile wide and 600+ feet above sea-level, 
cutting its way down through the tuffaceous Dalles beds into the under- 
lying basalt, and dumped a rubble of basalt, tuff, older gravels, and 
scattered erratic boulders down over the north and west sides of the 
canyon of Fifteenmile Creek. These sidehill deposits, exhibiting foreset 
bedding inclined to the south and southwest, are exposed in a pit about a 
quarter of a mile north of Petersburg school, and at other places farther 
north. Half a mile to the southwest another small dump, overlain by a few 
feet of pebbly silt, lies on the leeside of a rock spur on the south side of 
Fifteenmile Creek. In Sec. 24 and 25, T. 2 N., R. 14 E., the Columbia 
River-Fifteenmile Creek divide was breached again at an elevation be- 
tween 650 and 700 feet above sea-level. Gravels, dumped southward over 
the side of Fifteenmile Creek canyon, are well exposed just west of 
Fairbanks school. A terrace of sand and gravel, about 500 feet above 
sea-level, appears in the valley above Fairbanks school; whereas, such a 
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terrace is absent downstream to the west. A roadcut about a mile 
east of Fairbanks school reveals a peculiar pebbly, stony mixture, includ- 
ing erratic fragments, that closely resembles glacial till (figure 17). Such 
a deposit is scarcely explainable except as the product of a water-ice mix- 
ture which entered Fifteenmile Creek valley from the Columbia River. 


tye 


Figure 17.—Till-like deposit in Fifteenmile Creek valley near The Dalles, Oregon 


The site is about one mile east of Fairbanks school, at an elevation of about 600 feet. 
The light-colored fragments, such as the one beside the hammer, are of granite, but pieces 
of basalt are most abundant. 


These deposits in Fifteenmile Creek valley, near The Dalles, were 
considered by Piper ** to be remnants of a valley-fill of “older alluvium,” 
originally continuous with a rock shelf, 300 feet above sea-level, at 


17 A. M. Piper : Observations in The Dalles region, Oregon, bearing on the history of the 
Columbia River. (abstract) Jour. Wash. Acad. Sci., vol. 21, 1931, pp. 371-372; Geology 
and ground-water resources of The Dalles region, Oregon. U. S. Geol. Survey Water- 
Supply Paper 659, 1932, pp. 129-133. 
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The Dalles and up to or above the floors of the windgaps, more than 
600 and nearly 700 feet above tide respectively, through the divide be- 
tween the Columbia River and the lower course of Fifteenmile Creek. 
Such a fill would have been more than 200 feet thick ; the preservation of 
high-level gravels (out of such a thick fill) only on the creek side of these 
gaps and only adjacent to these gaps is surely not a mere coincidence. It 
is far more likely that the gravels and the gaps are genetically linked. 
The almost complete absence of these gravels on the opposite side of 
Fifteenmile Creek would also be difficult to account for if the fill had 


FIGURE 18.—Iceberg-rafted granite Fragments 


East side of a col in Sec. 2, T. 1 N., R. 14 E., between 850 and 900 feet above sea- 
level. A concentration of fragments occurs on an irregular line near the hammer, and 
others lie in the pebbly silt below. The overlying silt (without stones) may be flood- 
derived, or simply loess. 


been continuous. Moreover, the contrast between these deposits, perched 
on the valley wall, and those of the lower terrace along Fifteenmile Creek, 
beyond Fairbanks school (up-valley from the points of entry), likewise 
shows that the sidehill gravels are local and came in through the adja- 
cent gaps. Furthermore, the slopes necessarily assigned to this “older 
alluvium” (stated by Piper to be 25 to 50 feet per mile, or even 50 to 100 
feet) are so steep as to invite special scrutiny. If only The Dalles area 
and the tributary valleys were considered, these slopes might be accepted ; 
but such slopes cannot extend on up the Columbia River to Arlington, 
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Umatilla, and beyond ; yet sidehill gravels occur in exactly similar posi- 
tions and with similar slopes at various places upstream. The slopes of the 
deposits are mainly local, constructional slopes, not products of erosion. 
This inconsistency with regional relations rules out Piper’s correlation. 
Although such a general filling of alluvium would decrease the height of 
the icejam required to dam the flood, the writer has to admit that the 
field evidence is against any great amount of valley fill at the time of the 
flood. If further study can show the existence of a general fill of 200 or 
300 feet of alluvium at the time of the flood, the writer’s theory will be 
strengthened, not weakened. As recognized by Piper, the base upon which 
these deposits lie descends at The Dalles as low as 300 feet above sea-level, 
or less than 200 feet above the Columbia River. 


EIGHTMILE, FIVEMILE, AND THREEMILE CREEK VALLEYS 


The divide between Eightmile Creek and Fifteenmile Creek (and its 
minor tributaries) is marked by several cols, a number of which were 
utilized by the flood. The col at the north edge of Sec. 2, T. 1 N., R. 14 E., 
850-900 feet above sea-level, and that in NW. 4 Sec. 12, T. 1 N., R. 14 E., 
900-950 feet above sea-level, show signs of use and perhaps some lowering 
by erosion. The east side of the first-mentioned col, as shown in Figure 18, 
is strewn with erratic fragments, evidently dropped by icebergs which were 
caught, as in a strainer, and thus failed to get across the divide. Silts, 
probably of flood origin but later more or less redistributed by wind and 
by slope wash, mantle the slopes of the hills. 

Only minor deposits of the flood occur along Eightmile Creek, but 
they may have been formerly more extensive and later stripped off. 
Nevertheless, pebbly silts, with small erratic fragments, occur along The 
Dalles-California highway as far south as SW. 14 Sec. 28, T. 1 N., 
R. 14 E. Near the SW. corner of Sec. 29, T. 1 N., R. 14 E. a thin sheet 
of loose-textured gray silt overlies an irregular surface of compact, yellow- 
ish clayey subsoil, at an elevation of 950 feet. The yellow clay presumably 
was derived by weathering of the underlying rock, whereas the gray silt 
is foreign and overlies it unconformably. Erratic boulders in SE. 44 
Sec. 28, and SW. 14 Sec. 31, T. 1 N., R. 14 E., and in NE. 4 See. 6, 
T.18., R 14 E., all lie at elevations of about 925 feet above sea-level. 
Additional erratics in this vicinity and at other places in the quadrangle, 
at elevations between 460 and 925 feet above sea-level, are listed by Piper.?® 


A. M. Piper: Geology and ground-water resources of The Dalles region, Oregon. 
U. S. Geol. Survey Water-Supply Paper 659, 1932, pp. 128-129. 
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Pebbly silts and erratics also appear in Fivemile and in Threemile valleys. 
For example, nonstratified pebbly silt, exposed in NW. 14 Sec. 17, T. 1 N., 
R. 14 E., 750 feet above sea-level, includes a four-inch fragment of gran- 
ite. About 30 feet of silts are exposed near the SW. corner of Sec. 17, 
T.1N., R.14 E. Although not cemented, and easily powdered between 


Figure 19.—Laminated pebbly Silts of the Spokane Flood 


Exposure in Sec. 17, T. 1 N., R. 14 E., near The Dalles, Oregon. Contemporaneous folds 
are visible near the center. 


one’s fingers, the material will stand in vertical, or even overhanging, 
cliffs. Bedding in it is typically thin and varve-like, but certain especially 
pebbly or gritty zones are not bedded at all, or only faintly bedded. 
Rock fragments of sand and pebble sizes and of erratic origin are scattered 
through the deposit. A well-defined example of contemporaneous de- 
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formation near the base of the exposure, shown in Figure 19, may be due 
to the grounding of an iceberg or, more probably, to subaqueous slumping 
on the side of the valley in which the material accumulated. 


VICINITY OF THE DALLES 


Northwest of Threemile Creek and south of The Dalles the ends of the 
rock spurs were crossed and somewhat notched by the flood, and the west 
sides of the spurs were covered with sidehill deposits, for the most part 
from the materials of The Dalles beds which compose the spurs. The 
lower end of Mill Creek valley received such a deposit of sand and silt, 
and the remainder of a valley-bottom deposit of silt farther up the valley 


FiGureE 20.—Sidehill Dump near The Dalles, Oregon 
Roadcut, in NE. 4 Sec. 30, T. 2 N., R. 13 E., showing the ruddy character of the deposit. 


now forms terrace shoulders, well seen in Sec. 13 and 14, T. 1 N., R. 12 E., 
between 450 and 650 feet above sea-level. Near the 500-foot contour line 
a roadcut reveals 20 feet of silts and fine sands, with some small gravel 
streaks. The bedding is regular, most of the beds being about one-eighth 
of an inch thick. A pebble of granite, picked out of the bank, may be an 
erratic or possibly from The Dalles beds. 

Chenoweth Flat, immediately northwest of The Dalles, and the basalt 
butte in Sec. 20, T. 2 N., N., R.13 E. (718 feet above tide, and com- 
pletely overrun by the flood) exhibit excellent scabland. The basalt 
bench and spur extending from the north central part of Sec. 19, T. 2 N., 
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FicureE 21.—Ortley Anticline, west of The Dalles, Oregon 


View from a point 300 feet above sea-level on the Washington side of the Columbia 
River. The side of the fold is flood-washed to about 1100 feet (near the lower edge of 
the timber in the upper middle part of the picture). 


FiGurE 22.—East Side of the Ortley Anticline 


Washington side of the Columbia River at the east end of the gap, near The Dalles, 
Oregon. The rubble terraces and the scabland ledges are within the range of the Spokane 
Flood. 
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R. 13 E. into NE. 4 Sec. 30, T. 2 N., R. 13 E., likewise, displays scabland 
buttes and channels. Its west and southwest sides are covered with a side- 
hill dump of ill-sorted rubble, chiefly of basalt but with fragments of tuff, 
stream-worn pebbles probably from The Dalles beds, and a few pieces of 
granite and other foreign rocks, presumed to be erratics. By contrast, the 
west side of the little creek valley exhibits scabland walls of basalt and no 
correlative deposit. 

Large boulders of granite and lesser amounts of other erratics lie on 
basalt, north of the old Chenoweth School and on the flanks of the Ortley 
anticline up to at least 1100 feet above sea-level. Bretz*® listed erratics 
along the old Dalles-Mosier hill road at 1200 feet, but the writer could not 
find any so high; several were found along the north road in Sec. 24, T. 2 
N., R. 12 E., below 1000 feet above tide, and a clump of half a dozen 
boulders, at 925 feet above tide in NW. %4 Sec. 25, T. 2 N., R. 12 E. 
Hodge ”° described erratics in sections 34 and 35, T. 2 N., R. 12 E., and 
Sec. 3, T. 1 N., R. 12 E., at an elevation, stated on one page to be 1190 
and on another, 1198 feet above sea-level, and ascribed their derivation 
to icebergs stranded near the western outlet of a “Lake Condon” which 
supposedly preceded the development of the present course of the Colum- 
bia River. The scablands, the sidehill gravels and rubble, the lacustrine 
silts both in the present valleys and on the uplands, the widespread dis- 
tribution of erratics, and the continuation of these features into the Colum- 
bia River gorge—aspects of the problem not considered by Hodge— 
indicate to the writer an explanation different from that of Hodge. 

Lacustrine silts cover the lower slopes of Chenoweth and of Brown 
Creek valleys; near the junction of these streams, a roadcut exposes a bank 
of thin-bedded silt and loose tuffaceous sand, at an elevation of 500 feet 
above sea-level. A thickness of about 15 feet is revealed in the cut, but 
the rolling top of the terrace is fully 50 feet above the base, and the 
deposit continues up onto the valley walls through a vertical range of at 
least 200 feet. Immediately adjacent to the stream the silt has been re- 
moved by erosion, and none appears in the upper ends of these valleys 
or on steep slopes farther down. In Brown Creek valley little remains of 
the silt terrace south of the 650-foot contour in SW. 44 Sec. 1, T. 1 N., 
R. 12 E. 

The lower part of the eastern slope of the Ortley Anticline is scarred by 


1” J Harlen Bretz: The Late Pleistocene submergence in the Columbia Valley of Oregon 
and Washington. Jour. Geol., vol. 27, 1919, pp. 489-506. 

2% E. T. Hodge: Exceptional moraine-like deposits in Oregon. Bull. Geol. Soc. Amer., 
vol. 42, 1931, pp. 993-995 et seq. 
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erosion, whereas soil extends down on the point at the lip of the gorge 
to 1150 feet above sea-level. The ragged edge of the point (locally called 
Crates Point) farther down, culminating in a small notch at 1100 feet 
above tide, apparently reflects the vertical extent of the flood. On the 
north side of the Columbia River the vertical range is shown, in part, by 
scabland and, in part, by a fluted terrace lying against the valley wall in 
recesses between the basalt ledges, as shown in Figure 22. The terrace, 
for the most part between 450 and 900 feet above sea-level, is covered 


Ficure 23.—Buttes, channels, and sidehill deposits east of Mosier, Oregon 


The “bar” described by Bretz is at the pit, to the left, but the orchard slopes, to the 
right, are also on sidehill deposits derived from the bench and channels in the back- 
ground. The Columbia River is in the background to the left. 


with, and probably composed of, basaltic rubble; it may be mainly talus, 
disposed by the flood into its present form. Fluting may be the result of 
successive rises of the flood-level. For the construction of this terrace a 
blockade of the valley to that level by ice seems essential, in order to keep 
the rubble from tumbling down into the valley and being whisked away 
by the flood. For the same reason, such a feature appears to be utterly 
impossible under a flood of the Bretz conception. 


VICINITY OF MOSIER 


West of the Ortley Anticline the Columbia River basalt descends into 
the Mosier Syncline, where it is overlain by stream-deposited gravels and 
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voleanic tuff. Over an area of about four square miles between Mosier 
and Mayer Park (opposite Lyle, Washington) the greater part of these 
later deposits has been stripped off the basalt, but, in places, buttes of tuff 
or of basalt flanked by tuff rise above the basalt bench. Between these 
buttes are a number of flood channels, ranging in elevation from about 
600 feet to more than 750 feet above sea-level. Directly south of Mayer 
Park the contact of the basalt bench and the base of the scarp of gravels 
and tuff lies 900 feet above sea-level; probably, the flood swept across 
this bench and along the face of the scarp to some higher, but as yet unde- 
termined, elevation. Down over the east wall of the small creek valley 
immediately west of the Mosier-Mayer Park bench the flood dumped a 
deposit of gravel and sand (figure 23) that may be traced southward into 
NW. 4 See. 17, T. 2 N., R. 12 E., beyond which the rim of the valley 
rises above the flood limit. A large sidehill deposit, more than 450 feet 
above sea-level, built on the Mosier Creek side of the basaltic spur just east 
of Mosier, was described by Bretz.*! To build this deposit, the flood waters 
had to cross the ridge to the north, at an elevation of about 525 feet. As 
in the valleys east of the Cascades, the bottom of Mosier Creek valley 
received a deposit of lacustrine silt, correlative with the coarse materials 
on the eastern slope. A good exposure near the south side of Sec. 1, 
T. 2 N., R. 11 E., reveals about 15 feet of thin-bedded clay and silt at an 
elevation of about 250 feet above sea-level. A large part of the laminae 
are 1/4 inch thick, several are 3/16 inch thick, and a few exceptionally 
thick ones 1/3 inch. Light and dark banding suggest true varves; if so, 
the time represented is of the order of 700 to 1000 years—probably an 
excessive estimate. Admitting the uncertainties, the indications are that 
deposition was prolonged through a period of time which removes the 
flood entirely out of the catastrophic category in which Bretz placed it. 

The flood swept across the northern end of the spur between Mosier 
Creek and Rock Creek, 650 to 700 feet above tide, and impinged against 
a scarp of volcanic tuff on the south at some elevation higher than 850 
feet, for it left several boulders of granite at that elevation on a bench 
of basalt just below the tuff beds in SW. %4 Sec. 12, T. 2 N., R. 11 E. 
(figure 24). A thick covering of soil on the tuff above 900 feet seems to 
indicate lack of erosion by the flood, but does not necessarily mark the 


21J Harlen Bretz: The Spokane Flood beyond the channeled scablands. Jour. Geol., 
vol. 33, 1925, p. 249; Bars of channeled scabland. Bull. Geol. Soc. Amer., vol. 39, 
1928, pp. 695-697 and pl. 24. 
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upper limit of the flood, for the ponded water may have been less vigorous 
at the highest stage and may even have added material by deposition. 
The basalt shoulder west of Rock Creek, shaped somewhat like a plow- 
share pointed up Columbia River, also seems to have been over-swept by 
the flood. The writer found on it a small granite boulder, in NE. 4 
Sec. 10, T. 2.N., R. 11 E., at an elevation of 700 feet above sea-level. The 
rock shoulder itself bears virtually no soil below 1000 feet above tide ; 
although its surface is scraggly, scabland buttes and channels are not 


* developed upon it. The integrity of the block evidently was maintained 


by the thick flow of basalt which caps it. 


Hoop River QUADRANGLE 


Bretz ** describes flood channels along the south side of the gorge east 
of Hood River, Oregon, and a deposit of subangular basaltic gravel on the 
east side of Hood River valley, in the lee of some channels. These are 
authentic records of the Spokane Flood, corresponding in similarity to 
the records farther east. Possibly in the same category is a bouldery 
deposit flanking the east side of Phelps Creek valley, in NE. 14 Sec. 33, 
T. 3 N., R. 10 E., immediately west of an eroded tract of lava extending 
east to Hood River. Bretz, however, attributes to the flood, extensive 
gravel deposits at Hood River, Oregon; at White Salmon, Washing- 
ton; at Lyle, Washington; at Cook, Washington; and at the mouth 
of the Wind River, Washington. These gravels, however, are incon- 
sistent with a great ponding, such as the data in this paper indicate, 
and the writer believes that they are gravel terraces older than the flood, 
as are most of the gravels near Portland, Oregon, to be discussed below. 
The edges of these terraces would, undoubtedly, be modified somewhat 
by the flood dumping part of the gravel over the sides so as to give them 
subdued or barlike slopes and a false appearance of flood origin. Their 
prevailingly fine texture (pebbles mostly under one inch) and the regu- 
larity of their bedding are also inconsistent with the flood of the Bretz 
conception. A mechanical analysis shows only 27 per cent of the gravel 
from NE. 4 SE. %4 Sec. 35, T. 3 N., R. 10 E. larger than a quarter inch. 
These pre-flood gravels and sands in lower Hood River valley cover about 
four square miles, and extend up to 625 feet above sea-level. 


2 J Harlen Bretz: The Spokane Flood beyond the channeled scablands. Jour. Geol., 
vol. 33, 1925, pp. 249-252. 
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Hodge,?* arguing that the Columbia River canyon was absent at the time 
of the flooding, says that in the present canyon, “at least on the favorable 
areas to either side of the water gap through the easternmost fold (Ortley) 
and especially in the lowland upstream, we should find some moraine- 
like material and a few erratics. On the contrary, in this critical section 
through the canyon of Columbia River there are neither erratics nor 
deposits—a remarkable fact because more favorable sites occur here than 
at Arlington.” Actually, erratics do occur along the Columbia River 
gorge, although the setting is less favorable, not more so, than at Arling- 
ton. The presence of an erratic in Hood River valley was noted years 


FIGURE 24.—Flood-swept basaltic Area near Mosier, Oregon 
View southeast from a residual hill of gravel above the basalt. The ledge in the middle 
distance is basalt, with erratics on it near the shed in the background, 850 feet above 
tide; the orchard slope beyond is underlain by volcanic tuff. 


ago by Bretz.2* This was not taken into account by Hodge; nor did 
Bretz mention this erratic in his papers on the Spokane flood. On Van 
Horn Butte, in SE. 14 Sec. 13, T. 2 N., R. 10 E., in Hood River valley, 
a granite erratic was said to be between 800 and 900 feet above sea-level. 
Other erratics were observed by the writer, as follows: 


2 ©. T. Hodge: Exceptional moraine-like deposits in Oregon. Bull. Geol. Soc. Amer., vol. 


42, 1931, pp. 1000-1001. 
2 J Harlen Bretz: The Late Pleistocene submergence in the Columbia Valley of Oregon 


and Washington. Jour.. Geol., vol. 27, 1919 p. 496. 
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TaBLeE 3.—Glacial Erratics near Hood River, Oregon 


Location Elevation Remarks 
NW. \% Sec. 22, T. 3 N., R. 10 E. 675 Biotite granite, 2x 3x 3 ft. 
E. \% Sec. 33, T. 3 N., R. 10 E. 600-650 | Several cobbles and boulders of 
granite. 
NW. 4 Sec. 10, T. 2 N., R. 10 E. 700 Six-inch piece of granite. 


A deposit of lacustrine silt, covering 10 or 12 square miles, south of the 
valley-mouth gravels, indicates a former ponded condition in Hood River 
valley, generally up to 700 feet above sea-level.*® A similar quiet-water 
deposit extends back up White Salmon Valley, Washington, nearly 10 
miles, to an altitude of 700 feet, and a long, narrow deposit also occurs in 
the valley of Jewett Creek for a distance of three miles north of the 
gravel deposit at White Salmon. A road-cut in Sec. 36, T. 4 N., R. 10 E., 
about half a mile southwest of Husum, Washington, exposes about 20 feet 
of these well-laminated silts in White Salmon Valley. The Hood silt loam 
soil occurs in another patch, more than a mile long and a quarter to half 
a mile wide, on the west and southwest slope of White Salmon Butte. This 
lies between 500 and 700 feet above tide, and thus is higher than the 
gravels and sands; moreover, it lies, not up-valley behind the gravel de- 
posit, but fronting directly upon the Columbia River gorge. Hence, it 
appears that the ponding responsible for at least the superficial materials 
of the Hood silt deposit was produced, not by the valley-mouth gravels, 
but probably by the same agent that ponded the Spokane Flood—i. e., by 
ice. The slopes of Underwood Mountain above 900 feet elevation are 
mantled with a thick cover of reddish-brown, residual soil containing 
large numbers of red, shotlike, concretionary pellets, whereas on the east 
slope of the mountain between 700 and 900 feet above tide the soil is 
thin and stony. Bouldery areas at that level are also common in Hood 
River valley, especially along the west side. Flood erosion at levels higher 
than 900 feet elevation is definitely precluded. Accordingly, the Spokane 
Flood in this vicinity can not have risen above 900 feet, and possibly to 
only about 750 feet, above sea-level. 


2 The soil map of Hood River-White Salmon River area by A. T. Strahorn and F. B. 
Watson, U. S. Dept. of Agriculture, Bureau of Soils, Washington, D. C., 1914, shows a 
patch of the same soil type (‘Hood silt loam”) between 700 and 900 feet above tide, in 
NW. % Sec. 6, T. 2 N., R. 11 E. Perhaps the silt formerly extended higher on the 
valley walls but has been modified by slope-wash, or possibly the original altitudes have 
been altered by warping. — 
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“PORTLAND DELTA” 


According to Bretz, the Spokane Flood debouched into the expanded 
valley west of the Cascade Mountains and built a delta covering more than 
200 square miles near Portland, Oregon. This deposit, first designated 
as a delta 2* in “Willamette Sound,” later was classified as “an affair 
of river-bottom deposition” and not a delta plain.’ . In the present 
writer’s opinion, neither the original nor the modified interpretation is 
fully correct. The so-called delta includes deposits which appear to be 
of several different ages. These deposits form definite alluvial terraces, 
modified by the flood and easily recognizable on topographic maps as well 
as in the field. 

The oldest of the gravel deposits of the vicinity are those of the Satsop 
formation, which laps up on the western edge of the Cascade uplift, in 
which it is partly involved. Because of subsequent tilting, the Satsop 
gravels and equivalent volcanics do not form a flat bench, or terrace, but 
occupy a broad zone in the dissected foothill slopes of the Cascade Moun- 
tains and less regular areas farther west. Alluvial deposits younger than 
the Satsop formation occupy definite terraces. The highest of these is 
best shown on the Troutdale (Oregon) topographic map, in the area 
between Troutdale and Gresham. In its present condition this forms 
a broad, low mound, three miles long and one to two miles wide. It is 
truncated on the east about one mile west of the Sandy River, and on the 
north it descends steeply—in places as much as 100 feet in a quarter of a 
mile—whereas its slope to the west, and especially to the south, is more 
gentle. Bretz called this deposit an eddy bar made in the lee of the rock 
shoulder east of the Sandy River. Let us see whether another interpreta- 
tion does not better fit the facts. 

Most of this area is covered with a loam soil, with more or less sand or 
gravel in the subsoil. The interior of the deposit is not well exposed. A 
railway-cut near the center of Sec. 4, T. 1 S8., R. 3 E., near Gresham, 
reveals compact gravel whose pebbles are, for the most part, less than 
two inches in diameter, generally rounded and fairly well sorted, and 
whose foresets dip to the south. Quartzite pebbles are common. The pro- 
portion of quartzite and the degree of rounding and sorting do not fit 
Bretz’ conception of an enormous, turbulent flood. A cut on Base Line 
Road, at the east edge of the area, shows steep foresets of sand and fine 


23 Harlen Bretz: The Late Pleistocene submergence in the Columbia Valley of 
Oregon and Washington. Jour. Geol., vol. 27, 1919, pp. 502-503. 

27 J Harlen Bretz: The Spokane Flood beyond the channeled scablands. Jour. Geol., 
vol. 33, 1925, p. 252. : 
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gravel slanting generally eastward but with a number of reversals, cut- 
outs, and other irregularities. The beds are about parallel to the eastern 
slope. In contrast with the compactness shown in the railway cut near 
Gresham, the material here is loose and slides freely. In the writer’s 
opinion this is the true flood deposit, whereas the material in most of the 
remainder of the tract is a remnant of an older fan. The loose, and some- 
what fresher, gravel and sand on the east side are thought to have been 
washed down over the edge of an earlier terrace by the escaping waters as 
they were loosed from the Columbia River gorge. Material for the new 
deposit probably was derived from earlier deposits not far away, perhaps 
mainly from the Gresham terrace itself. By this interpretation the 
Gresham-Troutdale tract becomes, not an “eddy bar,” but an earlier 
Columbia River fan deposit, already terraced before the flood, and simply 
bordered on the east side at the flood stage by a characteristic sidehill 
dump of no great magnitude. 

West of the Gresham-Troutdale terrace and extending to the Willam- 
ette River is a broad tract sloping from about 300 feet above sea-level 
east of Rocky Butte and Mount Tabor to less than 200 feet in the peninsu- 
lar district of Portland between the Willamette and the Columbia rivers. 
A 300-foot terrace and a lower, less regular terrace are recognizable. 
Several intra-valley terraces likewise are shown along the Clackamas 
River (Boring quadrangle), along the Santiam rivers (Stayton and 
Lebanon quadrangles, Oregon) and several other streams rising in the 
Cascade Mountains. Presumably all are due to a common regional his- 
tory and reflect climatic variations, changes of level, and stages of growth 
of the Cascade Range. The presence of terraces in the Portland area is, 
therefore, in keeping with the conditions in other valleys; indeed, their 
absence in the master valley would be strange. Between the high part 
of the 300-foot terrace and the higher Gresham-Troutdale terrace to the 
east, a broad channeled depression, 25 to 50 feet deep, leads out of the 
Columbia River valley near Fairview, extends southwestward nearly 10 
miles, and terminates in a fresh, young-looking deposit of fine gravel and 
sand near Wichita station. This depression is clearly a distributary 
channel, but is erosional and later than the deposit of sand and gravel 
that it crosses. 

Other channels attributed to the flood and certain sidehill deposits 
bordering the terrace occur within the city of Portland. Commonly, the 
new deposit of the flood stage is loose gravel resting against compact sand 
capable of standing in vertical cliffs. Of the other channels, those near 
Rocky Butte deserve special attention, because Bretz states that “the 
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fosse is but the unfilled locus of an eddy caused by downward deflection 
where the current impinged on the east face of the butte” and asserts 
that “the 300-foot terrace east of the fosse never was, never could have 
been, extended to reach Rocky Butte.” The writer’s interpretation is 
that the terrace is older than the flood and that the fosse was eroded in 
much the same manner that freshets scour in front of obstructions such 
as bridge piers. The deposit west of Rocky Butte, Bretz correctly assigned 
to dumping over the side of an earlier deposit; but the earlier deposit is 
likewise a terrace antedating the flood, and not a product of the flood itself. 
The distinction between the two different deposits, recognized but not 
fully appreciated by Bretz, is the clue, in the writer’s opinion, to the his- 
tory of the entire Portland- Vancouver tract. 

Let us now consider the so-called “river bars” northeast of Vancouver, 
Washington, described by Bretz as follows: 

“Most of the ridges are grouped in the vicinity of Hidden Station, 4 miles 
northeast of Vancouver. They are long, narrow and straight. The most strik- 
ing one is 1% miles in length and about 300 feet wide on top. They stand from 
50 to 100 feet above the swales which separate them. Those which appear wide 
on the map are closely spaced parallel groups, partially coalesced. They are com- 
posed of foreset-bedded sand and very fine gravel, 95 per cent basalt. The 
foreset bedding, so far as shown, dips down the northern slopes in parallelism 
with those slopes, and is truncated by the tops and the southern slopes. The 
swales among these ridges contain lakelets and swamps elongated with the 
ridges. There are no streams in them, and no ravines lead from them to the 
nearby Columbia. The ridges have an orientation approximately radial to 
the curved edge of the delta. This gives them a north-westward divergence. 
The northernmost are composed only of sand. In form they closely resemble 
eskers, but they lie 75 miles south of the limit reached by the continental ice, 
and their field relations clearly prove them to be parts of the delta. 

“These ridges are held to be river bars, standing about 100 feet above the 
main channel floors. A stream of at least that depth thus must have spread 
over the 200-foot level of the delta while it was being built.” 


The writer thinks that in this area Bretz failed to discriminate older 
deposits from those of the flood episode, or to distinguish erosional 
topography from constructional forms. Most of the tract northeast of 
Vancouver is, in the writer’s opinion, an older alluvial terrace, corre- 
sponding to that on the south side of the Columbia River, and traversed 
by a broad erosional channel now occupied in part by LaCamas Creek. 
LaCamas Creek rises on the western slope of the Cascade Mountains, 
follows a southwestward course to a point about eight miles northeast of 


°8.J Harlen Bretz: The Spokane Flood beyond the channeled scablands Jour. Geol., 
vol. 33, 1925, pp. 253-254. 
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Vancouver, then turns sharply southeastward and follows this channel 
through LaCamas Lake to join the Columbia River near Camas, Wash- 
ington. This channel appears to have been followed by waters coming out 
of the Columbia River valley, for the continuation of this channel to the 
west is marked by a boulder-strewn depression more than a mile wide and 
25 to 50 feet deep. In the vicinity of Hidden Station the flood waters 
evidently were deep enough or, more probably, were sufficiently blocked 
by ice to spill over the west side of the channel and sweep across the 300- 
foot terrace remnant, scoring it with numerous distributary, erosional 
channels. The remaining ridges, called “river bars” by Bretz, are more 
logically considered erosional remnants of an earlier terrace. Their 
steep sides and linear forms and the associated channels remind one of the 
erosional forms in the Palouse loess in the scabland area of eastern Wash- 
ington. Furthermore, the ridges, instead of being 95 per cent basaltic 
material, as stated by Bretz, contain an abundance of quartz sand and 
mica—normal Columbia River materials. The sand is compact, and 
some cuts have kept nearly vertical walls for many years. By contrast, 
the sandy deposits of the flood episode are relatively fresh and loose and 
slump readily. 

The data on iceberg-rafted erratics and pebbly silts in the Willamette 
Valley are too extensive to be given here. As the pebbly silts in the Wil- 
lamette Valley are not laminated, we may infer that no persistent ponding 
occurred there. The flood waters could be held there only to the extent 
that part of the ice mass pushed out of the Columbia River gorge con- 
tinued to offer resistance to free flow and temporarily obstructed the lower 
part of the river. The divergent channels in the Portland area suggest 
that the ice continued to function as an obstruction, to some extent at 
least, beyond the limits of the gorge. 


CAUSE OF THE PONDING 


In this paper the writer has attributed the slack-water deposits east of 
the Cascade Mountains to a ponding of the Spokane Flood, for the reason 
that a general submergence (such as an extended Willamette Sound) 
sufficient to drown the middle reaches of the Columbia River to the 1100- 
foot elevation level is inconsistent with the diversion channels, the side- 
hill dumps of rubble and gravel, the lack of definite deltas in the tributary 
valleys, the scabland, and other peculiar features of the affected area. 
The lake produced by this ponding of the Spokane Flood recalls Symons’ 
idea of a glacial lake, which he proposed to call Lake Lewis,?® and Rus- 


27T. W. Symons: The Upper Columbia River and the Great Plain of the Colurb‘a. 
Senate Document No. 186, 47th Congress, Ist Sess., 1882. 
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sell’s idea of a possible glacial dam at The Dalles *° as the cause of such 
a lake. Bretz,*1 in 1919, proposed to redefine the term, Lake Lewis, to 
cover an expanded portion of a supposed submergence of the Columbia 
River valley east of the Cascade Mountains. In view of Bretz’ subsequent 
papers on the Spokane Flood, his earlier conclusions must be modified. 
The present paper shows how the data favoring the Spokane Flood and the 
data suggesting a possible submergence may be reconciled in the idea of 
a glacial lake made by the ponding of the Spokane Flood. Perhaps the 
term, Lake Lewis, should be revived for the waters of the Spokane Flood 
ponded to an elevation between 1100 and 1200 feet above sea-level east 
of the Columbia River gorge, and the term, Spokane Flood, confined to the 
phase revealed on the plateau of eastern Washington, and not applied to 
Lake Lewis and other areas down the river. 

The formation within the Columbia River gorge of an icejam, capable 
of withstanding the pressure of at least 900, and perhaps 1100, feet of 
yater, is a herculean requirement, but the field evidence seems inescap- 
ably to demand it. We cannot fall back upon a mere bottleneck restriction 
to delay the flow, such as Bretz conceived for the Wallula Gateway, be- 
cause the laminated, somewhat pebbly silts of the valley bottoms are not 
consistent with that kind of a flood. Moreover, the sidehill deposits and 
the diversion channels, used by Bretz as evidence of flood, can better be 
explained by the writer’s icejam theory. 

Five factors may have contributed toward the formation of an icejam: 
(1) lava flows in the gorge, (2) freezing of the river, (3) land slides in 
the gorge, (4) the crookedness of the gorge, and (5) a rapid renewal of 
uplift of the main arch of the Cascade Mountains. Lava flows, younger 
than the development of the gorge, occur, for example, in the White Salmon 
and the Wind River valleys. Underwood Mountain and White Salmon 
Butte (opposite Hood River) are volcanoes later than the major Cascade 
uplift and much of the cutting of the gorge. Their lavas, subsequently, 
were cut off sharply by the Columbia River. If these lavas extended partly 
or entirely across the river at the time of the flood, they might have 
offered sufficient obstruction. However, they bear on their surfaces gravel 
deposits, thought by Bretz to be flood deposits and by the writer to be 
earlier than the flood, so that, in either event, the lavas are older than the 
flood. If the lavas had formed a dam, a lake would have formed up-river 
and would probably have been completely filled with alluvium before the 


307. C. Russell: A geological reconnaissance in Central Washington. U. S. Geol. Sur- 
vey Bull. 108, 1893, pp. 25-27. 

31 J Harlen Bretz: The Late Pleistocene submergence in the Columbia Valley of Oregon 
and Washington. Jour. Geol., vol.. 27, 1919, pp. 489-506. 
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lavas could have been cut through. The writer tried to fit the valley- 
bottom silts described in this paper into such an explanation but had to 
give up the attempt. The absence of even a few remnants of lacustrine 
deposits in the main valley and the lack of deltas (to be expected under 
conditions of relatively stable water-level) in the tributary valleys seem 
to rule out a lava dam. Such a strong and persistent obstruction, how- 
ever, is given up reluctantly. 

The Columbia River freezes over occasionally even in the prevailing 
mild climate of Vancouver, Washington, and frequently in the colder 
section east of the Cascade Mountains.** If, as commonly believed, the 
temperature in glacial time was lower than at present, freezing of the river 
would be easier. If general freezing of the river occurred, a large part. 
perhaps the greater part, of the ice may have been river ice instead of 
glacial ice. When the waters backed up sufficiently to reach the ice-sheet, 
they undoubtedly would lift off and tear away a large number of additional 
icebergs. The higher they rose, the more ice they would release, thus 
insuring continuance of the flood by adding to the icejam downstream. 

A great landslide area, conditioned by the weak Eagle Creek formation 
underlying the Columbia River basalt, fronts the Columbia River near 
Stevenson, Washington, for a distance of about six miles. The basalt 
cliffs have receded about three miles from the river, but the slides 
are still active and apparently cause the present Cascades in the Co- 
lumbia. As these cliffs were undoubtedly nearer the river at the time 
of the flood, a slide sufficiently large temporarily to dam the river is easily 
conceivable. A slide two or three hundred feet high would perhaps be 
enough to initiate an icejam, which in the narrow (generally about one 
mile wide) and somewhat crooked confines of the gorge (especially above 
Mosier) might grow headward so as to pile up to about 800 feet near Hood 
River, to 900 or 1,000 feet near Mosier, and 1,100 feet or more at The 
Dalles and beyond. A landslide dam would, presumably, be short-lived 
geologically. It would also allow a relatively rapid decline of the flood, 
which the scablands, the sidehill deposits, and other phenomena seem to 
require. 

Except for a 45-degree turn near Stevenson, Washington, the course 
of the Columbia is fairly straight west of Hood River, Oregon. A nearly 
right-angle turn near Mosier, Oregon, another kink between Mosier and 


* Press dispatches of December 14, 1932, report an iceiam completely filling the Colum- 
bia River at The Dalles, Oregon, and another, a mile and a half long, damming the 
Yakima River near Granger, Washington. The sharp turn of the Columbia River at the 
east end of the gorge is reported to cause many icejams. 
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Lyle, Washington, and the angle near The Dalles at which the river 
enters the gorge through the Ortley Anticline are favorable to the forma- 
tion and preservation of an icejam. The sheer wall at Mayer Park, oppo- 
site Lyle, Washington, much of it 600 to 900 feet high and facing di- 
rectly up-river, would offer especially noteworthy resistance to the push 
of a mass of ice; a sharp deflection to the north would be necessary to 
get by until it was overridden. 

Gravels, 525 feet above sea-level at Lyle, 625 feet at Hood River, 650 
feet at White Salmon, and 500 feet at Carson, are probably equivalent in 
age to one or more of the terraces less than 350 feet above sea-level near 
Portland, Oregon, and they probably owe their greater elevation, in part, 
to uplift in that portion of the gorge since they were deposited. If such 
an uplift were very rapid, slack water might have been produced in the 
Columbia River, but its probability and its adequacy to begin the flood 
appear doubtful. 

For the present at least, the writer favors a landslide as the initiating 
cause of the flood, with freezing of the river (or the water-ice mixture) 
and the confinement of the ice in the narrow and somewhat crooked gorge 
as contributing causes. Admittedly, such an icejam is difficult, but it 
appears far more feasible than the sudden release of an overwhelming, 
catastrophic flood on the plateau. Moreover, it has certain advantages in 
interpretation of the field evidence, in that it gives a reason for the local 
plucking in the scabland, the upland diversion channels, the perched 
gravel deposits, the pebbly silts on the upland, the laminated, more or 
less pebbly silts in tributary valleys, and the coincidence of the upper 
limits of erratic boulders and silts. Furthermore, it does not require a 
sudden release of an enormous volume of water, and it extends the time 
for scabland development. These advantages more than offset the diffi- 
culties of the icejam theory. 


SUMMARY 


In conclusion, it may be noted that the writer agrees with Bretz that 
there was a Spokane Flood, and that the erratics, the scabland, the diver- 
sion channels, and certain perched gravel deposits and sidehill rubble heaps 
are authentic records of it. The writer’s interpretation differs from that 
of Bretz, however, in many particulars, among them: (1) That the dis- 
tribution of all glacial erratics is definitely assigned to the flood ; (2) that 
erosion by the flood below Wallula Gateway was local and limited in 
volume; (3) that most of the gravels near Umatilla, Hood River, White 
Salmon, Lyle, Carson, and Portland are older than the flood; (4) that 
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the flood attained a uniform level from the Wallula Gateway to the 
Columbia River gorge through the Cascade Mountains; (5) that this 
uniformity and the pebbly silts on the uplands and in tributary valleys 
record a general ponding of the flood; and especially, (6) that ice, 
rather than mere volume, was the critical factor in the flood. Accord- 
ingly, our conceptions of the flood, and particularly its cause, its mechanics, 
its geologic effects, its volume, and its duration differ widely. Perhaps 
this revision will make the idea of such a flood more generally acceptable. 
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INTRODUCTION 


The discovery of the fossil skeleton of an animal previously known 
only from fragments or from the skull is always an event of interest, as 
it confirms or negates preliminary impressions. Of the three skeletons 
here described, two serve to establish the genera to which they were first 
assigned; but the third differs widely from what the skull had led one 
to expect, pointing to the conclusion that the genus Promerychoehoerus, 
to which it was first assigned, is composed of highly divergent forms. 


MERYCHYUS CURTUS Loomis 


In 1931 a field party from Amherst College found a deposit on Porcu- 
pine Creek, South Dakota, in which fossil leg bones with complete feet 
were the outstanding feature, although there were also some skulls, verte- 
bre, and other bones. The animals represented, all of which were rela- 
tively small, included Oligobunis, Nanotragulus, and Merychyus curtus, 
This last species was established by Loomis* in 1924 from a skull found 
in the lower Rosebud beds on Porcupine Creek, South Dakota. It was 
distinguished by its crowded dentition, by a large antorbital fossa, and 
by a small antorbital vacuity. In size this species is not far from 
M. minimus, from the upper Harrison beds, a skeleton of which Peterson* 


has described. 


1 Manuscript received by the Secretary of the Society, February 24, 1933. 
2F. B. Loomis: Miocene oreodonts. Bull. Amer. Mus. Nat. Hist., vol. 51, 1924, p. 31. 
30, A. Peterson: Restoration of Merychyus elegans subsp. minimus. Ann. Carnegie 


Mus., vol. 15, 1923, p. 96. 
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In the following comparisons, Merychyus minimus is used as a stand- 
ard, and comment is made only where M. curtus differs from it. Of 
the backbone we have the atlas, lumbars, and sacrals, which are so like 
those of M. minimus that the remaining cervicals and the dorsels are 
restored on the same lines. 

In the front limb the scapula of M. curtus, although equally wide, is 
less angular, and the spine has a less distinct metacromion process than 
that in M. minimus. The humerus has the proportions characteristic 
of the genus, but this species is peculiar in having an epicondylar foramen 
of fair size. The radius is markedly curved, as in Leptauchenia. The 


Figure 1.—Front Limb cf Merychyus curtus 


H humerus; R radius; Ul ulna; P pisiform; ¢ cuneiform: 1] lunar; m magnum; p pisi- 
form; s scaphoid; u unciform; t tibia. One half natural size. 


ulna is stout, its square-topped olecranon process being curved toward 
the front, giving the bone a peculiar form not seen in M. minimus but 
characteristic of Leptauchenia. The sigmoid notch is deep and has the 
appearance of a notch cut into the side of a straight bone, again resem- 
bling Leptauchenia. The carpus is of the character normal for an oreo- 
dont but has the individual bones elongated vertically. In M. curtus the 
lunar does not crowd down between the unciform and magnum as far as 
it does in M. minimus. The metacarpals are moderately elongated, and 
Digit I is reduced to a tiny vestige, seen only in an unusually well pre- 
served foot. It is in this respect that Leptauchenia differs markedly from 
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Merychyus, the former having Digit I complete to the last phalanx, the 
latter having but the tiniest vestige of the digit, with the tetradacty] foot 
elongated throughout. 

The pelvis is similar to that of M. minimus, except that the tuberosities 
are less pronounced. The femur is relatively short and stout, with a 
normal greater trochanter and a weak lesser trochanter. The tibia is 
also relatively stout, but longer in proportion than is the femur. The 
fibula is well developed throughout its length, and heavier than that 


FiGureE 2.—Hind Limb of Merychyus curtus 


F femur; Fi fibula; T tibia; as astragulus: ca caleaneum; cb cuboid; c, middle cunei- 
form ; ¢; internal cuneiform; n navicular. One half natural size. 


of M. minimus. The tarsus is similar to that of M. minimus and not so 
slender as that of M. siourensis. It differs from the tarsus of both species 
in having the middle and external cuneiform bones fused. Digit I is 
represented by a tiny scale of bone immediately behind the contact be- 
tween Digit II and the middle cuneiform. Overlapping the contact be- 
tween Digit V and the cuboid there is a small scalelike bone which the 
writer has never before seen in an oreodont. It is marked ?? in Figure 2. 
The metatarsals are developed much as in M. minimus and are of about 
the same size. 
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When the mounted skeleton is compared with M. minimus, we find 
that it represents an animal somewhat longer and a good deal taller, 
and, although all the other bones are larger, the skull is smaller. The 
differences are brought out by the following comparative measurements : 


tibia 
* metatarsal IV 


Total length of skeleton ........... 
Total height of skeleton (shoulder) 


minimus 
mm, 


curtus 

mm, 
120 
117 
95 
48 
125 
122 
54 
420 


Ficure 3.—WNSkeleton of Merychyus curtus 


One fourth natural size. 


This skeleton confirms the writer’s idea* that Merychyus and Leptau- 
chenia are closely related and represent a group which early separated 
from the phylum that contains Eporeodon, and then divided into two 
lines, the one slender and long-limbed—M erychyus—the other slender but 
short-legged—Leptauchenia, Cyclopedius, ete. 


*F. B. Loomis: Op. cit., p. 15. 
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MESOREODON MEGALODON PETERSON 


MESOREODON MEGALODON Peterson 


The second skeleton belongs to the genus Mesoreodon, which was estab- 
lished by Scott® when he described the species M. chelonyx from the Deep 
River beds of Montana. Later, Peterson® assigned to this genus, under 
the name M. megalodon, a fragmentary skull and jaws found in the 
Monroe Creek beds of western Nebraska. The skeleton here described 
came from Muddy Creek in eastern Wyoming, in 
beds of equivalent age; and to the same species 
are assigned also several skulls and a consider- 
able amount of limb material from Hill 66, also 
in eastern Wyoming. Scott? found in his ma- 
terial considerable variability, both in the skulls 
and in the limb bones. This he attributed to 
sex and individual variation, The writer has 
found the same variability and ascribes it to the 
same causes. 

The skull of M. megalodon has the same gen- 
eral shape as that of M. chelonyx, but the ant- 
orbital pit is larger, the zygomatic arches are 
wider, and the lower jaw is deeper, with the 
depression for the masseter muscle much more 
extensive. The teeth are longer and more 
crowded than in M. chelonyz. 

The skeleton under consideration has seven 
cervical, thirteen dorsal, and seven lumbar ver- 
tebre, all of them light and comparable to those 
of I. gregoryi described later in this paper. The 
scapula is wide, having a curved anterior margin 
Ficurr 4.—Front Foot of | and a moderately high spine with a curiously 

ecrciudsetrecalianliauauanieel sinuous edge. The humerus is slender and long, 
e cuneiform; 1 lunar; m ‘ ° 
magnum: t tibla; s sea- 8 is also the radius and the ulna; all three are 
phoid; u unciform. One exceptionally long for an oreodont. The carpus 

se iceasactiaiaae is almost identical with that of M. chelonyx, but 


the metacarpals again are longer than would be expected, the whole making 


a strikingly long front leg. 


5 W. B. Scott: Mammals of the Deep River Beds. Am. Nat., vol. 37, 1893, p. 661. 


®°Q, A. Peterson: Miocene Beds of western Nebraska and eastern Wyoming. Ann. 
Carnegie Mus., vol. 4, 1906, p. 24. 

TW. B. Scott: The Mammals of the Deep River Beds, 
18, 1895, p. 125. 


Trans. Amer. Philos. Soc., vol. 
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The pelvis is light and relatively long for an oreodont. In the hind 
leg of M. chelonyx both the femur and the metatarsals are longer than 
those in the leg of M. megalodon, but the tibia of the latter is shorter. 
The tarsus is essentially alike in both species. 

All the bones in the skeleton of M. megalodon belong to one individual ; 
and if the bones described for M. chelonyx are 
typical, the two species stand in marked contrast, 
M. megalodon having longer front limbs and 
shorter hind limbs. The differences are brought 
out in the following table of comparative measure- 


ments: 
M.chelonyx M.megalodon 
mm. mm. 
Length of humerus ......... 151 175 
Length of radius ........0.. 137 145 
“ qwetacarpal IV... 61 71 
ef “ metatarsal IV .. 75 72 
Total length of skeleton .... ... 1,010 
Total height of skeleton 


On one side the genus Mesoreodon is close to 
Eporeodon, having a similar limb and foot struc- 
ture; on the other side it approaches Promery- 
cochoerus and Hypselochoerus in the elongated 
skull with pronounced crests and wide zygomatic 
arches. However, it has neither the squat buill 


FiGurE 5.—Hind Foot of 
Mesoreodon megalodon 


“2s astragulus; ca cal- 
caneum; ecb cuboid; cz 
middle cuneiform: ¢, 
internal cuneiform; n 
navicular. One half 
natural size. 


of Promerycochoerus nor the elongated facial 
rezion of Hypselochoerus; so that, although con- 
temporaneous with them both, Mesoreodon may be 
looked upon as being intermediate in structure and 
as representing the sort of form from which these 
other two genera came. 


HYPSELOCHOERUS GREGORYI Loomis 


This genus is differentiated from other oreodonts in having an ex- 
cessively long skull, with moderately wide zygomatic arches and a denti- 
tion similar to that of Promerycochoerus, but of simpler character; and 
in that, instead of the heavy body generally associated with this type of 
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skull, the body is short and light and the limbs are long. The type species 
is H. gregoryt, the type which is No. 12964 in the American Museum of 
Natural History in New York. 

The third skeleton was originally named Promerycochoerus gregoryi®, 
a species based on the skull only, although it is the most common fossil 
found in the Lower Rosebud formation. The skeleton, associated with 
a damaged skull, was found on Porcupine Creek, South Dakota, the 
same locality as that for the type. 

The genus Promerycochoerus is one to which a bewildering number of 
species have been assigned. In the early collections those from the John 


Figure 6.—WSkeleton of Mesoreodon megalodon 


One tenth natural size. 


Day beds were first assigned to the genus Oreodon. Then, when the large 
bulla was given due considerat‘on, they were placed under the genus 
Eporeodon, and, still later, Leidy erected the genus Merycochoerus for 
them. Finally, Douglas® sorted out those with the long nasals and wide 
zygomatic arches and grouped them together to make the genus Promery- 
cochoerus. Most of the species are based solely on skulls, and each species 
shows considerable variability, ascribed by the writer’® to sex, age, and 
individual variation. All of John Day species are described only from 
skulls, though they have been longest known. The first skeleton that 


8F. B. Loomis: Miocene oreodonts of the American Museum. Bull. Am. Mus. Nat. 
Hist., vol. 51, 1924, p. 23. 

°F. Douglas: New species of Merycohoerus in Montana. Am. Jour. Sci., vol. 11, 1901, 
p. 82. 

10 F, B. Loomis: Op. cit., p. 17. 
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was found Peterson" described as P. carrikeri, an animal with a long 
heavy body and very short legs and feet. P. vantasselensis’? is a second 
species known from the complete skeleton, and it, too, has a long heavy 
body and short limbs. Although the skull of //ypselochoerus gregoryi 
is somewhat similar, it has been shown to be an animal with a short body 
and long legs. At present the genus Promerycochoerus has assigned to 
it more than 20 species from a very narrow range; i. e., Upper John Day, 
Lower Rosebud, Monroe Creek, and Lower Harrison formations, all of 
which are of approximately the same age. The genus seems to be a 
medley of forms which can be definitely classified only when their skele- 
tons become known. The animal here described has a skeleton so com- 
pletely different from what has come to be considered the Promerycochoe- 
rus type that the writer feels obliged to take it out of that genus and to 
suggest for it a new generic name”, //ypselochoerus, with H. gregoryi as 
the type species. In some respects the skeleton resembles that of Meso- 
reodon, but the skull has a much longer facial portion, especially in front 
of the orbit. Then, too, as will be noted in the detailed description below, 
almost every portion of the skeleton has peculiarities of its own. 

The skull of //ypselochoerus gregoryt was originally differentiated on 
the basis of its size, a rather deep antorbital fossa, an elongated brain 
case, and the fact that the premolar teeth are simpler than usual for 
forms of this type. The skeleton differs from all others so far described 
in its short body and long legs. 

When the skeleton was found, the vertebral column was articulated 
back to the 12th dorsal. The next one was missing, and the lumbars 
were scattered but close by. The individual vertebra are not only shorter 
than those of P. carrikeri, but they are lighter in build, and the transverse 
processes are less developed. The writer saw no reason for putting in 
a 14th dorsal as in P. carrikeri, but used 13, as in Mesoreodon. 

The scapula is relatively narrow, as compared with Mesoreodon or with 
Promerycochoerus, and has a well-developed spine. The humerus is long 
and light, but not as long as in Mesoreodon. The radius is long and slen- 
der. The olecranon process of the ulna is less developed than in any other 


110, A. Peterson: The Miocene beds of western Nebraska and eistern Wyoming and 
their vertebrate fauna. Ann. Carnegie Mus., vol. 4, 1906, p. 28, pl. 10. 
122 F, B. Loomis: Oreodonts of the Lower Harrison Beds. Am, Jour. Sci., vol. 6, 1923, 


p. 223. 

13'The writer recognizes that the type species of Promerycochoerus—namely, P. super: 
bus—might later be shown to be long-legged, in which event the nomenclature would 
become complicated; but to date no skeletons have been found in the John Day beds, 
although they are being found in the Great Plains deposits, and it therefore seems 
desirable that this medley of forms be brought into some order. 
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oreodont. The carpus is high, with several peculiarities. In earlier 
oreodonts the carpus is low, and the lunar is wedged down so that it 
almost completely separates the unciform from the magnum. In //ypse- 
lochoerus the magnum has a contact with the unciform for over half its 
height. This is similar to the condition found in Mesoreodon, in Pro- 
merycochoerus, and in Ticholeptus. 

The scaphoid has the largest development so far found in any oreodont, 
making up half of the upper row of the carpals, whereas the cuneiform 
is much reduced in size. In the distal row of carpals the trapezoid is 


Figure 7.—Front Foot of 
Hypseclochoerus gregoryt 


e cuneiform; 1 lunar; m 

magnum; t tibia: s sca- 

phoid; u unciform. One 
half natural size. 


greatly enlarged, again more than in any other oreodont, the nearest 
approach to it in size being in Ticholeptus. The metacarpals are long 
for any genus of oreodonts and are particularly in contrast with the 
stubby ones of Promerycochoerus. The phalanges would be hard to dis- 
tinguish from those of a Mesoreodon of the same size, and again are in 
strong contrast with the short toes of Promerycochoerus. 

In length and weight the pelvis is comparable with that of Mesoreodon, 
Ticholeptus, and Merycoidodon, the ischial and pubic portions being 
elongate and slender, whereas in Promerycochoerus these portions are 
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short and have strong tuberosities. The femur, tibia, and fibula are all 
long and slender, comparable with those of Ticholeptus and Mesoreodon, 
but even more elongate than in these genera. The tarsus resembles that 
of Mesoreodon and is in contrast with the shortened tarsus found in 
Promerycochoerus. The metatarsals are also long for an oreodont. 


Figure 8.—Hind Foot of 
Hypselochcerus gregoryt 
as astragulus; ca_ calca- 
neum ; cb cuboid; ce. middle 
cuneiform; ¢, internal cu- 
neiform; n navicular. One 
half natural size. 


The following measurements show the contrast between such a typical 
Promerycochoerus as P. carrikeri and the genus Hypselochoerus: 


P. carrikeri H. gregoryi 
mm, mm. 


Width of skull .......cccccccccecccccccccsccccccse 280 295 
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P. carrikeri 


mm. 
Total height of skeleton (shoulder) .............. 720 
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H. gregoryi 


mm, 


Figure 9.—Skeleton of Hypselochoerus gregoryi 


One-thirteenth natural size. 


The three genera that have skulls of somewhat similar character may 


be compared as follows: 


Hypselochoerus Promerycochoerus 


Facial portion of skull ........ long moderate 
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Mesoreodon 
short 
short 
intermediate 
intermediate 
long 
long 


225 
200 
91 
270 
220 
98 
1,370 
725 
Lf / 
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INTRODUCTION 


In order that stratigraphic correlations of a geologic system may ap- 
proach completeness and perfection, it is necessary to make repeated trials, 
each based on an advance in knowledge ; but before a trial is possible, there 
must be a generalized time scale with which comparisons may be made. 
This general scale is itself necessarily a matter of growth, since no natural 
section is ever complete. Usually, the first, or discovery, sections of a 
stratigraphic division are accidentally encountered, and subsequent field 
investigations cannot follow a logical course until a fairly comprehensive 
survey has furnished some clues to the major features and the delineation 
of the system as a whole. After such a survey, field studies can be directed 
toward definite goals, and a tentative general time scale can be attempted 
and subjected to the test of use. 


STATE OF KNOWLEDGE OF THE CAMBRIAN 


One hundred years ago Sedgwick and Murchison began their study of 
the thick, unclassified pre-Carboniferous sedimentary rocks in Wales and 
the adjoining counties in England. Four years later both published 
classifications of these strata, and among Murchison’s subdivisions the 
name, Cambrian, was used for the oldest series of beds. During the next 
quarter-century further field work made clear both the existence of dis- 
tinct divisions within the Cambrian and the fact that each was character- 
ized by its own fauna. Mention need not be made of the many excellent 
studies of the Cambrian that followed, both in Britain and in other lands. 
However, until the present generation, C. D. Walcott and G. F. Matthew 
were the only geologists to make the Cambrian an exclusive study. Wal- 
cott took advantage of rather extensive resources and accumulated a great 


id 
= 
t 


STATE OF KNOWLEDGE OF THE CAMBRIAN 737 


mass of data and enormous collections of fossils; but the demands of the 
position which made this possible robbed him of time for research, and 
he was unable to bring his studies to a satisfactory state of completeness. 
Consequently, he attempted no general time scale after the great extent of 
the Cambrian was recognized about 40 years ago. 

As no faunas unrepresented in existing collections have been discovered 
within the last five or six years, even though collecting has extended over 
wider areas and has been conducted in a more intensive manner, it seems 
apparent that the time is at hand when a preliminary generalized time 
scale may be attempted. It must be borne in mind, however, that cer- 
tainly not more than 50 per cent, and perhaps as little as 30 per cent, 
of the Cambrian fossils already collected, have been studied and described, 
and that, in consequence, much revision in detail, if not in the major 
structure of the scale itself, is to be expected. In short, the classification 
herewith presented goes no further than to offer preliminary generaliza- 
tions based on what is published, plus ideas gained by a survey of the 
unstudied material. And, since this paper is brief, the statements are 
likely to sound much more categorical than is intended. 


NeEcEssiry ror Using AMERICAN SECTIONS 


It is only very rarely that the locality where a series of beds was first 
discovered has sufficiently complete sections to be at all satisfactory for 
a general time scale. In the Cambrian the Welsh sections appear to record 
less than 25 per cent of Cambrian time and hence are of no value for use 
as a general scale. Even by adding the definitely correlatable nearby 
English strata and the Cambrian sections elsewhere in Europe, no satis- 
factory result can be obtained. Nor in Asia, meager as the work there 
has been, is there any known Cambrian series that compares with the 
splendid records in North America. Therefore, we must look in America 
for suitable sections. 


DIAGRAMMATIC SCALES 


Since at present insurmountable difficulties prevent the correlation of 
the European or Atlantic Province Cambrian beds with American and 
Asiatic strata, it seems desirable to retain the European sequence as a 
secondary scale applicable to the Atlantic province, and to correlate its 
units with the general scale as closely as possible. In the accompanying 
tables, therefore, there is set forth a tentative general standard scale 
to represent Cambrian time throughout the world, supplemented by the 
secondary Atlantic sequence. 
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TaBLeE 1.—Standard Scale of Cambrian Time 


Formational unit Subdivisions Faunal zone 
Jordan sandstone 
Norwalk sandstone Eurekia 
Myers Hill sandstone Acheilops 
Trempealeau Lodi shale Dikelocephalus 
formation minnesotensis 
St. Lawrence dolomite Dendrograptus 
Basal greensand Lingulella winona 
Mazomanie (Illaenurus n. sp.) 
formation Irvingella major 
Saukaspis 
“Ellipsocephalus”’ curtus 
Franconia 
5 formation Conaspis beds 
(Unnamed) 
= (Unnamed) 
beds Eoorthis remnicha 
Hypseloconus 
Elvinia 
Ironton formation 
Camaraspis 
Dresbach sandstone (Fauna ?) 
Eau Claire formation Crepicephalus 
Cedaria 
Mount Simon 
sandstone 
Marjum formation | 
Neolenus superbus 
5 Ogygopsis shale Ogygopsis 
'E | Stephen formation Elrathia kingii 
| Glossopleura boccar 
4 Cathedral formation 
= Paterina superba 
Ptarmigan formation | Ross Lake shale Albertella 
Chisholm formation Zacanthoides 
(Kochiella ?) 
Nisusia 
Shady formation Archaeocyathus 
Olenellus thompsoni 
3 Bonnia 
Erwin sandstone Obolella 
? 


Hampton formation 


Unicoi formation 


(738) 


he 
i 
= 
= 


2.—Atlantic Province Scale of Cambrian Time 


Formational unit Faunal zone 
* | Acerocare beds Acerocare 
Peltura longicornis 
Peltura scarabaeoides 
= | Peltura beds 
Peltura minor 
= Ctenopyge 
Eurycare beds Eurycare 
a 
~ | Orusia beds Orusia 
Olenus 
Olenus beds 
Agnostus pisiformis 
Agnostus laevigatus 
Forchhammeri beds (Andrarum ls.) 
Solenopleura brachymetopa 
3 
= Paradoxides davidis 
a Agnostus intermedius 
(Exsulans Is.) Agnostus gibbosus 
Olandicus beds - Paradoxides 6landicus 
Lapworthella 
Protolenus 
Protolenus beds 
Strenuella 
Eodiscus bellimarginatus 
Callavia beds Callavia 
(Conchostraca) 
= Holmia beds 
3 Holmia kjerulfi 
: g Acrothele beds Acrothele prima 
4 Obolella beds Obolella groomi 
Volborthella beds Volborthella 
Platysolenites beds Platysolenites 
Discinella beds Discinella holsti 


Quartzites 
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Magsgor STRATIGRAPHIC PROVINCES 


GENERAL STATEMENT 


In order to understand fully the stratigraphic—and also the structural 
—history of a region, knowledge is required of the directions from which 
the various invading seas came. Equally important is the recognition of 
the basic principle that life forms apparently evolved uninterruptedly in 
the main oceans, whereas only offshoots were permitted to invade the 
continental seas from time to time. The subsidences which made possible 
the entry of these invasions from the major oceans into the continental 
realm usually followed courses that were repeatedly used. Consequently, 
it becomes highly important to learn the oceanic affiliation of each fauna, 
and this, in turn, demands knowledge of what major seas can be recog- 
nized in the world’s oceanic waters during a geologic period. 

Going a step farther, we may next, after delimiting the oceanic basins 
as exactly as possible, also find what natural geographic subdivisions may 
be recognized among the sedimentary records within the margins of the 
continental masses. To obtain the most natural geographic grouping 
of outcrops, the source of the sedimentary materials, the parent faunal 
realms, and the routes of invasion must be taken into consideration. 

Six geographic provinces appear to include in a more or less natural 
classification the Cambrian strata now known in the world. That this 
classification is not final and that it fails to satisfy all observed facts 
is evident, but it will at least serve as a starting point. Then, too, as 
will be seen in the following brief descriptions, the same set of criteria 
could not be used in defining every Cambrian province, so that some units 
become more arbitrary than others. 


ATLANTIC PROVINCE 


Except in northern Scotland, all Cambrian strata in Britain, Scandi- 
navia, central and southern Europe, the Moroccan Atlas, southeastern 
Newfoundland, maritime Canada, and the Boston Basin of Massachusetts 
constitute a clearly defined province, from which few extensions succeeded 
in reaching other territory. An Atlantic invasion penetrated into the 
Appalachian trough in Vermont, and the Upper Cambrian Olenus fauna 
apparently turned the southern flank of the fore-Appalachian land and 
invaded Alabama. Also, a single occurrence of Paradoxides beds has been 
discovered in northern Siberia, and a Conocoryphe fauna appears in Man- 
churia, the latter probably having come by a southern route. Finally, a 
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topographically and structurally unique block in the Columbia River 
trench, near Spillimachen, British Columbia, appears to have Atlantic 
faunas, but their advent remains a puzzle. 

Taken as a whole, the Atlantic Province has a Baltic and a Mediter- 
ranean facies, roughly separated by the old Archean upland lying between 
Germany and Czechoslovakia. Another interesting generalization has to 
do with the persistence of the trilobite genera in the Cambrian subdivi- 
sions. The olenellid genera Holmia and Callavia are almost everywhere 
present in the Lower Cambrian ; in the Middle Cambrian, Paradovides and 
its allies are equally ubiquitous; and in the Upper Cambrian we find 
Olenus and its associates. This remarkably concise and unusually per- 
sistent distribution of trilobites in beds well known to the early stratig- 
raphers undoubtedly had a strong influence in strengthening their views 
as to the uniformity and universality of stratigraphic units. 


APPALACHIAN PROVINCE 


Under this designation are grouped the strata of northwestern Scot- 
land, northern Greenland, the Straits of Belle Isle, and the St. Lawrence 
Valley, as well as those of the typically folded Appalachians. Sufficient 
study has not yet been given this region to establish satisfactory natural 
subdivisions, although several are dimly outlined. Most of the faunas in 
this province, omitting the two mentioned invasions from the Atlantic, 
appear to have come from the Arctic, or at least from a northern oceanic 
basin. Two notable exceptions to this persistent flooding from the north 
are the waters which carried the Cedaria and the Crepicephalus faunas, 
both of which must have come from the south or west. 


INTERIOR PROVINCE 


This province, like the Appalachian Province, is based rather on geo- 
graphic than on strictly stratigraphic criteria, and thus is possibly more 
convenient than scientific. The Interior Province embraces the Cambrian 
outcrops in the upper Mississippi Valley, the Ozark uplands of Missouri, 
the Wichita and the Arbuckle uplifts in Oklahoma, and the Llano Hills of 
Texas. In all these areas, Upper Cambrian sediments rest directly on 
the Archean, showing that Cambrian seas were unable to invade the in- 
terior before this time. Again the faunas are chiefly from the Arctic 
realm, but the Cedaria fauna extends into Wisconsin from the southern 
Appalachians, and the distribution of the superjacent Crepicephalus fauna 


seems to suggest a Pacific origin. 
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CORDILLERAN PROVINCE 


The enormous Cordilleran region, extending from Alaska to the plateau 
of Mexico, and widening from its northern extremity southward until it 
embraces the western third of the United States, consists of several easily 
recognized and distinct physical component parts. A cursory analysis 
suffices to show that the basis for the physical subdivision of this great 
highland region is not topographic but structural, and further, that the 
structure, in turn, strongly reflects the stratigraphic history. Cambrian 
strata are rather generally present throughout the eastern subdivision, the 
Rocky Mountains, from the Yukon Valley near the Alaskan boundary to 
their southern extremity in New Mexico. Similar strata occur also in 
the eastern portion of the Great Basin and in the southwestern region, 
comprising the southern edge of the Colorado Plateau, the southwestern 
half of Arizona, and southern California. In addition, small areas of 
similar beds occur on the flanks of the Andes in northern Argentina. 

Broadly speaking, the Cambrian strata of the Cordilleran Province fall 
into two subdivisions, separated by the Beltian area of Montana and south- 
ern Canada. North of this pre-Cambrian mass the Cambrian series were 
deposited in geosynclinal troughs and today occur as great folded moun- 
tain ranges. On the other hand, south of Montana (except in the Great 
Basin) the Cambrian deposits fringe Archean areas which were first low 
monadnocks that maintained their relative elevation, finally becoming the 
cores of the present ranges. In other words, there is no essential difference 
between the deposition of these Cambrian beds and that of the Mesozoic 
and the Tertiary strata which occur in the same basins between the same 
positive elements of the Archean basement. The movements producing 
the present southern Rocky Mountains, by pushing up these old islands 
as the cores of the ranges, tilted the Paleozoic strata on their flanks and 
crumpled the younger beds occupying the intervening basins. 

The three major Cambrian div'sions are well represented in the north- 
ern subdivision, but in the southern half the Lower Cambrian is confined 
to its southwestern portion, with Upper Cambrian only in its eastern and 
southeastern portion. Again, most faunas in the entire Cordilleran Prov- 
ince are clearly of Arctic origin. 

SIBERIAN PROVINCE 


Because of the enormous extent of Siberia, the term, Siberian Province, 
may have to be restricted. Present knowledge of the sind of that 
country is slight. 
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In central and eastern Siberia, where the Cambrian is known, condi- 
tions are comparable to those in the southern part of the Cordilleran 
region. Apparently the Cambrian deposits are chiefly Middle Cambrian 
and are closely allied to those in North America. An anomaly, unexplain- 
able at present, is the occurrence of a Centropleura fauna on Bennett 
Island, off the north coast of Siberia. 


ORIENTAL PROVINCE 


By this name are designated the regions bordering the Pacific basin in 
which Cambrian strata have been found. These regions include southern 
and northern Korea; south Manchuria; northern, central, and southern 
China; the Salt Range of India; the Persian plateaus (under which the 
Cambrian strata were revealed only by blocks brought up in salt plugs) ; 
northern, southern, and eastern Australia; and Tasmania. Perhaps a 
more appropriate name for this ensemble would be Western Pacific 
Margin Province. Throughout this exceedingly long but remarkably 
narrow area most of the faunas show strong interrelations, thus indicating 
the permanence of these troughlike areas of relatively dominant subsi- 
dence. Also, particularly in the northern outcrops, a relationship with 
the Rocky Mountain faunas seems to be indicated. In the Lower Cam- 
brian, Redlichia apparently occupies the place of the North American 
olenellid trilobites. 


LOWER CAMBRIAN 


LIMITS OF THE LOWER CAMBRIAN 


As defined in northern Europe, the Lower Cambrian embraces the Cam- 
brian strata beneath the Paradoxides series, and this general definition 
applies throughout the Atlantic Province. Fortunately, by using the 
olenellid trilobites, similar boundaries can be recognized elsewhere, but, 
of course, we may never know just how much coincidence exists between 
the beds thus delimited. 

In many regions sedimentary beds, usually but little metamorphosed 
and without animal remains, lie conformably beneath fossiliferous Cam- 
brian strata. Often these were included in the Cambrian, but examination 
has shown them to be Beltian. However, a few such suites apparently 
still remain in the Cambrian. But even in these seemingly continuous 
series, unconformities can be found which serve to fix the lower boundary 
of the Cambrian. When it comes to fixing the upper boundary, several 
factors complicate the problem as no universal unconformity may be 
expected here. In fact, investigations have not yet reached the point 
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where definite assertions can be made as to its position. In the Rocky 
Mountains the Mount Whyte formation contains the usual olenellid tri- 
lobites in its lower portions, but toward the top the Kochiella faunas 
appear. In Manchuria and in Greenland similar changes occur, and 
possibly this portion may ultimately be placed in the Middle Cambrian, 
even though there is no change in lithology at any place. However, 
as long as the Atlantic Province Protolenus beds are included with the 
Lower Cambrian, as explained below, this time interval is available for 
beds without olenellid trilobites. 

Ulrich suggested that the Appalachian Rome formation and its equiva- 
lents should be placed in the Middle Cambrian, notwithstanding its 
olenellid trilobite faunas. The argument advanced is that the Rome sands 
and muds indicate re-elevation of the lands and another subsidence of the 
seaways such as would be expected to initiate a major systemic subdivision. 
On the other hand, in most localities throughout the world the initial 
Middle Cambrian lacks siliceous beds, often beginning with clean lime- 
stones ; furthermore, in no other instance do the olenellid trilobites cross 
into the Middle Cambrian. In addition, it appears that the Rome occu- 
pies the time interval of the Protolenus beds of the Atlantic sequence. 

The reference of the Protolenus beds to the Lower Cambrian has been 
questioned, but inasmuch as a more pronounced unconformity and a wider 
overlap occur between these beds and the overlying Paradoxides series, 
most geologists prefer to retain the Protolenus series in the Lower Cam- 
brian. 

As would be expected on theoretical grounds, the Lower Cambrian, 
taken as a whole, contains more clastics than later subdivisions of the 
system ; yet in most regions there is surprisingly little. In fact, Cambrian 
beds of all ages and of all lands contain but minor portions of conglom- 
eratic materials, and in these it is rather uncommon to find transported 
and rounded pebbles more than an inch in diameter. In some places 
angular gravity blocks reach considerable size, and in a few others giant 
boulders rest at the bases of sea-cut cliffs. In central Bohemia, fairly 
coarse conglomerates, composed of rounded fragments from beds only a 
few meters lower in the series, oecur in the Paradoxides series, thereby in- 
dicating crustal movements sufficient to create swift streams. 

Besides the flatness of the lands, indicated by the almost total absence 
of coarse transported sediments, the Cambrian seas had singularly smooth 
floors and were everywhere very shallow. Single beds, composed almost 
exclusively of comminuted trilobite tests and brachiopod shells, are trace- 
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able for hundreds of miles. It is proposed to discuss the significance of 
these facts shortly, and therefore it will suffice now merely to state that 
both the lands and the continental seas indicate less relief than existed in 
possibly any other geologic period. 

Incidentally, it may also be mentioned that every occurrence of ice de- 
posits and of contemporaneous lavas in the Cambrian, when carefully 
examined, proves to belong to the Beltian. 

Attention may be called to another possible generalization regarding 
the Lower Cambrian. In the shales and arenaceous beds common in the 
upper formations of this division, red and other bright colors are rather 
frequent. Thus, in the Rome, bright colors occur everywhere, and the 
Lower Cambrian beds in Manchuria, British Columbia, and Greenland, 
and even the black and gray sediments so characteristic of the Atlantic 
Province Cambrian, also exhibit much color. 


LOCATION OF SUITABLE SECTIONS 


Several attempts at the construction of a workable scale for the Lower 
Cambrian resulted in the final choice of southern Appalachian units. As 
the oldest Cambrian beds are found in the Chilhowee series, its formations 
are naturally chosen for the lowest units. Younger strata, also in the 
southern Appalachians but not in the same belt as the Chilhowee group, 
seem to offer the most suitable units for later subdivisions. Finally, the 
widespread Rome formation apparently completes the Lower Cambrian. 
As both the stratigraphic data and the fossils of the Lower Cambrian 
have as yet undergone but a hasty review, this part of the scale must be 
regarded as only tentative, and perhaps when the Cordilleran Lower Cam- 
brian beds become better known, they may offer a more satisfactory scale. 


LOWER CAMBRIAN UNITS 


Coarse basal strata.—As previously stated, the oldest Cambrian sedi- 
ments seem to occur in the southern Appalachians. At present the rather 
coarse, mainly siliceous clastics constituting the lower portions of the 
Chilhowee series (Safford, 1856)° of southwestern Virginia and east 
Tennessee are regarded as Cambrian. As is to be expected from the 
lithology and variable thickness of this series, what appear to be easily 
recognizable formational units in one section often lose their distinctness 
when traced short distances along the strike, and therefore the minor 
subdivisions of the Chilhowee serve rather for local convenience than to 
designate time units applicable over considerable territory. Incidentally, 


% Names and dates in parentheses refer to Bibliography, pages 754-755. 
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it is interesting to note that this great mass of rather coarse clastics lies 
on the western flank of the highest portion of the Piedmont, but whether 
this has any significance cannot now be stated. 

Unfossiliferous conglomerates, slates, and quartzitic beds form the 
basal strata of the Chilhowee group, to which in Tennessee the name 
Unicoi (Campbell, 1899) has been given. In the Chilhowee Mountains, 
three formations are recognized, and elsewhere, others, but as none is 
persistent, the group term suffices for the present purpose. The Unicoi, 
in places where it has been measured, var‘es in thickness from perhaps 
1550 to 8000 feet. In the basal conglomeratic beds some arkose occurs, 
red or gray, depending on the color of the feldspars in the underlying 
Archean, but most of the material is rather light colored quartzite. Some 
of the quartzites are cross-bedded, and here and there small quantities of 
micaceous sandstone appear. Besides the usually well-rounded quartz 
pebbles, at some pleces angular blocks are included, indicating trans- 
portation for short distances. 

No organic remains of any sort have been reported from the Unicoi. 


Hampton shale-——Above the Unicoi a thick series of predominantly 
bluish-gray rocks, including slates, shales, and relatively small amounts 
of sandstone, has received the name, Hampton shale, (Campbell, 1899). 
Again, several formations are recognized locally, but specific mention need 
be made only of the Murray shale at the top. 

Like the Unicoi, the Hampton series also varies rapidly in lithologic 
character and in thickness. Summing the measurements of several re- 
gions, this series appears to have a minimum thickness of about 1400 feet, 
increasing to perhaps 4250 feet. 

Fragmentary olenellid trilobites and the phyllopod, Jsoxys chilhoweana 
Walcott, were collected in Little River Gap, Virginia, in strata regarded 
as Murray shale. The circumstances surrounding the collection of these 
fossils cause some doubt as to their stratigraphic position, but it is on 
their evidence alone that both the Unicoi and the Hampton series are re- 
ferred to the Cambrian: If these fossils should prove to belong in an- 
other horizon, both series could then be transferred to the Beltian. As 
criteria indicating a possible Beltian age for the Unicoi and the Hampton, 
mention may be made of the sudden variation in thickness and in lith- 
ology, the general absence of organic remains, the coarseness and the 
siliceous nature of the sediments and, above all, the presence of amyg- 
daloidal flows. This question is here merely presented, with no definite 
expression of opinion, but with the hope that attention will be given 


to it in the near future. 
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Erwin quartzite—The third major unit of the sedimentary beds in the 
southern Appalachians is a sandstone or quartzite formation several hun- 
dred to more than a thousand feet thick, known by various names. The 
most widely used is Erwin quartzite (Keith, 1903), which name is, there- 
fore, the best for the general scale. Apparently, the Hesse and the An- 
tietam sandstones are equivalent formations. 

As a rule, this formation consists of heavy, white to red quartzites and 
sandstones. Where it is weathered, fragmentary trilobites and other fos- 
sils are found in some places, but they are seldom sufficiently well pre- 
served to be identified even generically. 


Shady formation.—A thick calcareous series follows the Erwin quartz- 
itic beds. Although several formational names are available, the term 
Shady (Keith, 1895) seems to be most appropriate. After the deposition 
of the Erwin, the Appalachian rivers had, for the most part, seemingly 
exhausted their sand supply and flowed rather clear, for the Shady often 
consists of rather pure limestone and dolomite with minor amounts of 
shale, and when sand occurs it is in the form of clean grains scattered 
through the calcareous material. Northward, particularly in the Lan- 
caster Basin in southern Pennsylvania, where the Vintage, the Kinzers, 
and the Ledger formations (Jonas and Stose, 1930) are possibly the 
Shady equivalents, more shale occurs, and some of the limestones are 
more argillaceous. At many localities throughout the Appalachians the 
limestones contain enough sand so that their weathered product is a yel- 
lowish sandstone, in which the fossils, invisible in the fresh rock, may be 
collected in great numbers. 

Owing to the complicated structure of the Shady beds and more par- 
ticularly to their solubility, which renders outcrops scarce, precise 
measurements of thickness are not possible, but estimates place the 
thickness at 1000 feet, with the possibility that twice as much is present. 

Abundant fossils may be collected at many localities throughout the 
entire Appalachians. At the present stage of study these appear to 
fall into four zones. The lowest of these zones contains a fauna with but 
few species and may be called the Bonnia zone, from its most con- 
spicuous trilobite, even though this form has its greatest development in 
the fourth zone. At many places the second zone is developed as a shale, 
and as it yields the well known trilobite Olenellus thompsoni (Hall), it 
is designated the Olenellus thompsoni zone. Besides this species, there 
are other trilobites, large phyllopod and merostome crustaceans, gastro- 
pods, cystids, worms, and algae. The Olenellus zone fauna appears to have 
been directly ancestral to the famous Burgess shale assemblage. The 
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third zone of the Shady is less widely distributed and consists in many 
places of the coral-like reefs of Archaeocyathinae; hence it is designated 
the Archaeocyathus zone. Finally, the Nisusia zone, with its exceedingly 
rich faunas, apparently concludes the Shady series of zones. This zone 
yields trilobites belonging to the genera Bonnia, Olenellus (s.1.), Kootenia, 
and Neolenus, besides several new genera. Among the brachiopods there 
are species of Kutorgina, Paterina, Nisusia, Acrotreta, and also new 
genera. Scenella and other gastropods are fairly numerous. In most 
instances the fossils of the Nisusia zone can be collected only from the 
weathered sandy, ocherous material that remains after the leaching of 
the limestones. 


Rome formation.—More than a thousand feet of variegated sandstones 
and shales, often brilliantly colored, overlie the Shady calcareous deposits. 
Sun cracks and ripple marks indicate a shallow-water origin. In some 
places thin impure limy beds are present. This series is known as the 
Rome formation (Hayes, 1890). 

Fossils are rather scarce in the Rome, but olenellid trilobites (distinct 
species from those below) still persist, at least in the lower portion of the 
formation. Other fossils occur higher up, and it appears likely that sev- 
eral zones can be distinguished, although only one is provided in the 
diagram for the upper beds. 

This concludes the units recognized in the Lower Cambrian. In the 
upper Mount Whyte formation of the Canadian Rockies, which may be 
more or less exactly equivalent to the Rome, the Kochiella fauna may ulti- 
mately prove to be referable to the Middle Cambrian. No mention has 
been made nor space allotted in the scale to the Nevadia fauna, which is 
listed in textbooks as the oldest Cambrian fauna. Recently, grave doubt 
of the early age of this zone has arisen, a survey indicating that it really 
belongs close to the Olenellus zone. 


Minppie CAMBRIAN 
BOUNDARIES OF THE MIDDLE CAMBRIAN 


According to the original definition, the Middle Cambrian was estab- 
lished for beds in the Atlantic Province containing trilobites of the genus 
Paradoxides, a form which, fortunately, is confined to a definite set of 
strata. In the Atlantic Province considerable lithologic differences dis- 
tinguish these beds from the Lower Cambrian, but they show little varia- 
tion from the overlying Upper Cambrian. In North America and Asia 
a somewhat indistinct boundary is drawn at the base of the Middle Cam- 


brian. However, in Utah and in a few other regions lacking Lower 
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Cambrian, a quartzite generally begins the series. On the other hand, 
owing to extensive overlap the upper limit of the division is most easily 


ascertained. 
LOCATION OF SUITABLE SECTIONS 


Middle Cambrian seas apparently were able to enter the Appalachian 
troughs infrequently and only for short periods ; consequently, this region 
cannot furnish sections adequate for a general time scale. On the other 
hand, in western Utah and in the great mass of Cambrian strata in the 
southern Canadian Rockies fairly continuous deposition appears to be 
recorded. As some of the thick formations are unfossiliferous, it becomes 
necessary to interweave units from the two areas mentioned. The final 
result as here set down is, then, primarily a set of units in the House 
Range, Utah, to which are added certain Canadian formations. As a 
whole, this portion of the scale is the least satisfactory, owing to inade- 
quate study of the faunas, and consequently the zonal arrangement here 
presented is merely suggestive. 


MIDDLE CAMBRIAN UNITS 


Basal sandstones.—W here the Lower Cambrian is absent in the Cordil- 
leran region, the Middle Cambrian usually begins with a quartzitic or 
sandstone formation. Almost everywhere these beds have the same lith- 
ology, consisting chiefly of clean sands, frequently crossbedded and occa- 
sionally arkosic, and gray or red in color. Because of the persistent 
lithology, formational names have been made to cover wide territory and 
much geologic time. Generally the thickness of these beds is less than 
500 feet, but in some sections as much as 1500 feet is reported. In some 
of the latter occurrences a question may be raised as to whether Beltian 
deposits were not included, or, at any rate, land débris of Lipalian and 
nonrecorded Cambrian time. 

Perhaps the clastic beds which actually begin the Middle Cambrian are 
the gray to brownish quartzitic sandstones in the House Range (Walcott, 
1908, p. 184). However, the name, Prospect Mountain, cannot be applied 
to this formation, since in its type locality it underlies fossiliferous 
Lower Cambrian shales. 


Chisholm shale-—Pink, compact shales, with a few thin layers of lime- 
stone, 100 to 125 feet thick, begin the fossiliferous Middle Cambrian 
sequence in eastern Nevada (Walcott, 1916, p. 409). The same forma- 
tion seems to extend eastward as gray shales and limestones of similar 
thickness. 

This formation contains a Zacanthoides fauna. The trilobite for which 
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the fauna was named continues to perhaps the top of the Stephen; hence, 
it is not clear at present whether or not this unit is embraced in the 
Ptarmigan formation. 

Ptarmigan formation.—For the next major unit the Ptarmigan forma- 
tion of British Columbia (Walcott, 1917, p. 1) is chosen. It consists 
chiefly of dark rather massive limestones totalling over 600 feet. Two- 
thirds of the distance to the top a dark-green shale yields a _ prolific 
fauna characterized by Albertella. Judging from the Gordon shale, to 
the south in Montana, which also carries the Albertella fauna, the spar- 
ingly fossiliferous portions of the Ptarmigan cover considerable geologic 
time. 

Ute formation.—The stratigraphy in this portion of the Cambrian has 
not yet been satisfactorily determined; therefore, the choice of the Ute 
formation must await further tests before its validity can be ascertained. 
It is possible that the Ptarmigan covers this time also. 

At its type locality, in northeastern Utah, the Ute formation (Walcott, 
1908, p. 7) consists of blue, thin-bedded limestones and shales, with 
oolitic and edgewise layers, totalling 730 feet. Fossils are abundant in 
many layers. 

Cathedral formation.—It may be questioned whether an unfossiliferous 
unit should be included in a general time scale. However, at approxi- 
mately this horizon, massive unfossiliferous limestone formations occur 
quite generally in the Cordilleran region; therefore, recognition of this 
unit seems to be required. 

At its type locality the Cathedral (Walcott, 1908, p. 4) consists of 
about 1600 feet of massive arenaceous and dolomitic limestones. In a 
few places elsewhere this unfossiliferous unit is a little thicker, but at 
most localities it is much thinner. Because of its massive beds, the 
Cathedral forms the crest of many mountains, thus terminating the 
Cambrian sequence. 

Stephen formation.—At the present stage of study no final decision can 
be made as to whether the Stephen formation of British Columbia or the 
Swasey and the Wheeler of the House Range, Utah( Walcott, 1908, p. 10), 
is better for a general scale. In any event, it seems desirable to add the 
Wheeler Elrathia kingii zone to the Stephen sequence. 

The Stephen formation (Walcott, 1908, p. 4) consists of some 600 feet 
of limestones and calcareous shales. Its upper portion on Mount Stephen 
is the Ogygopsis shale (the “Fossil Bed” of the tourist), with which the 
remarkable Burgess shale, a few miles to the north, is correlated. How- 
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ever, since scarcely any of the numerous species in these faunas are com- 
mon to both, this correlation must be seriously questioned. 


Marjum formation.—As the final major unit of the Middle Cambrian, 
the Marjum formation (Walcott, 1908, p. 10) of the House Range is 
chosen. In the Canadian Rockies the massive, unfossiliferous Eldon lime- 
stone, nearly 3000 feet thick, occurs above the Stephen, and as it under- 
lies the Arctomys, it is retained in the Middle Cambrian. In the House 
Range, on the contrary, fossils are abundant to the top of the Middle 
Cambrian, but it is not clear whether the Marjum may not actually rep- 
resent the Stephen rather than occupy the Eldon interval. However, 
our slight knowledge of both faunas seems to indicate a younger age for 
the Marjum, and it is, therefore, placed above the Stephen. 

The Marjum consists of about 1090 feet of dark-colored, more or less 
arenaceous limestones, which frequently become massive enough to form 
cliffs. 

Upper CAMBRIAN 
BOUNDARIES OF THE UPPER CAMBRIAN 


Originally, the Upper Cambrian was applied in the Atlantic Province 
to the beds above the Paradoxidian and below the Tremadocian, and with 
slight modifications this arrangement still holds. No other portion of the 
Cambrian in America is so well set off by such pronounced overlap as 
is the upper division. 

LOCATION OF SUITABLE SECTIONS 

For the Upper Cambrian several factors combine to offer a most satis- 
factory type section. During that epoch, seas were enabled for the first 
time to invade extensively the interior of North America. Furthermore, 
these invasions extended widely and were frequent enough to produce an 
almost uninterrupted series of beds recording Upper Cambrian life. In 
addition, this region underwent practically no deformation or meta- 
morphism. 

The Upper Cambrian series is peculiarly complete in the area adjacent 
to the old lands in Wisconsin, which is the one region in America where 
the older Paleozoics have received a fair amount of study (Ulrich, 1924; 
Ulrich and Resser, 1930). In contrast with the other Cambrian series 
outside of the Atlantic Province, that of the upper Mississippi Valley is 
remarkably thin, being only about 700 feet thick. 

UPPER CAMBRIAN UNITS 


Mount Simon sandstone.—Whether this initial deposit, consisting 
chiefly of about 225 feet of beach and dune sands and other near-shore 
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deposits, should be regarded as a separate formation (Walcott, 1914, p. 
354; Ulrich, 1924), or whether it should be considered the basal member 
of the Eau Claire, is of little moment if its nature is understood. In the 
Canadian Rockies, the Arctomys formation (Walcott, 1923, p. 461), 
consisting of calcareous, argillaceous, and arenaceous beds with ripple 
marks, raindrop impressions, and casts of large halite crystals, holds the 
same stratigraphic position and apparently records the advance of simi- 
larly shallow Upper Cambrian seas over a flat land. 

As a whole, the Upper Cambrian beds were laid in shallow water, chiefly 
in such slight depth that many shells no more than a quarter inch in 
diameter were broken. Notwithstanding these extremely shallow seas, 
lithologic composition is maintained without appreciable modification 
over remarkably great distances. 

Eau Claire formation—The Eau Claire formation (Walcott, 1914, 
p. 354) consists mostly of thin-bedded, in part shaly, sandstones, becoming 
coarse, white, friable sandstone toward the base. Fossils are abundant 
in many places. They fall into two well-marked zones. Below is the 
Cedaria zone, which is known elsewhere only in Alabama, and hence, is 
regarded as having had a southern origin. Higher in the formation is 
the widespread Crepicephalus fauna, which apparently entered from the 
southwest. 

Many Cambrian sections in the Cordilleran region terminate with the 
Crepicephalus beds, as they do also in the Appalachians, with one pos- 
sible exception. 

Dresbach sandstone-—This is another beach-dune deposit, which prob- 
ably becomes fossiliferous immediately west of the present Mississippi 
River, away from the old shore line. Again the question arises, whether 
this is a member of the Eau Claire or is an independent formation. 
Whatever it may be, it evidently represents an emergence of the area. 


Tronton formation.—The Ironton sandstone (Ulrich, 1924, p. 93) con- 
sists of 2 to 12 feet of reworked, washed, and relatively coarse residual 
grains from the underlying Dresbach. Fossils are abundant but are often 
difficult to collect from the friable sand. 

When first described, the Ironton was made a member of the Franconia, 
but since then its characteristic faunas have been proved to be absent 
from the Franconia; moreover, their distribution is such as to indicate an 
independent formation. Both Ironton zones occur to the south and the 
west, but apparently not in the Canadian Rockies: consequently, these 
zones are perhaps also to be regarded as of Pacific origin. 
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Franconia formation—The Franconia formation (Walcott, 1914, p. 
354) consists of about 85 feet of usually soft sandstones, containing much 
greensand in some beds. Rich faunas characterize this formation almost 
everywhere. Hundreds of species have been collected, but only a few 
groups have been described: consequently, zones long recognized in the 
field have as yet no names. 

In the Cordilleran region most Cambrian sections that continue beyond 
the Crepicephalus beds terminate with the Eoorthis zone; some few termi- 
nate with the Conaspis beds, and two or three in Montana and Canada 
continue through the Ptychaspis zone. 


Mazomanie sandstone-—The Mazomanie sandstone (Ulrich, 1924, p. 
84) is similar to the Franconia. Apparently two zones are present; the 
upper one characterized by a species of Illaenurus much wider than the 
type species. 

Trempealeau formation.—Five zones are readily distinguished in the 
Trempealeau formation (Ulrich, 1924, p. 84), which totals about 120 
feet of soft brown, yellow, red, or green sandstones, with yellow calcareous 
rock near the middle. Fossils are abundant in most zones but are rare 
and fragmentary in the calcareous portion. 


Jordan sandstone.—The Cambrian is terminated in Wisconsin by 60 to 
80 feet of heavy-bedded, soft, rather coarse yellowish sandstone. This 
formation has no fossils and appears to comprise the beach and land 
deposits of the emerging late Cambrian lands and any interval which 
may have followed prior to the deposition of the next formation. 


SECONDARY ATLANTIC PROVINCE SCALE 


In building the Atlantic Province scale, advantage has been taken of 
much appreciated help from several sources. The Upper Cambrian ar- 
rangement is essentially that published by Westergaard in 1922. The 
Middle Cambrian portion has the advantage of an unpublished and more 
logical rearrangement by the same author, generously furnished during 
the writer’s visit in Stockholm in 1931. In the Lower Cambrian portion, 
Cobbold, the English authority on the Cambrian, was most helpful. He 
offered free access to his notes, and after discussion, the accompanying 
arrangement was adopted. Finally, Opik states that the geologists at 
Tartu have definite proof that the Volborthella zone overlies the Platyso- 
lenites beds. Even though several matters are not yet entirely cleared 
up, this tentative scale possibly approximates its final form, owing to the 
privilege of including this unpublished information, obtained from the 
geologists most familiar with the Cambrian of Europe. 
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The Acrothele prima and Obolella groomi zones are perhaps the weak- 
est points in the scale as here presented. Cobbold finds these beds with 
their distinctive faunas, but he is not altogether sure of their stratigraphic 
position, as they are the sole exposures in their respective localities. 

Ulrich has suggested that the strata above the Olenus zone may, per- 
haps, go into the Ozarkian, but European geologists object to the removal 
of more than the Acerocare zone, which is the first to be set off by definite 
evidence of diastrophic movements. 


CORRELATION OF THE GENERAL AND THE ATLANTIC SCALES 


The incurs‘ons of Atlantic faunas into regions normally occupied by 
strata deposited in waters from other oceans give a few clues to possible 
correlations between the standard and the secondary scales. 

Unfortunately, the Alabama occurrence of the Olenus beds fails to 
indicate clearly whether this unit lies immediately above or directly below 
the Crepicephalus zone, but certainly it must be given a position there- 
abouts in the scale. This furnishes one piece of evidence indicating that 
the lower Upper Cambrian of both scales is approximately equal. By a 
roundabout way the Middle Cambrian series of the two scales may also 
be correlated. Recent studies have shown that the Manchurian Cambrian 
is divisible into three formations, of which the basal and the upper mem- 
bers are evidently correlatable with Cordilleran divisions. On the other 
hand, the middle Manchurian stratigraphic unit appears to contain a 
European Conocoryphe fauna, thus suggesting that the middle portion 
of the Middle Cambrian is roughly the same in both scales. Furthermore, 
the Lower Cambrian strata are everywhere characterized by the same fam- 
ily of trilobites. 

By these tenuous threads a general correlation between the standard 
and the secondary scales is possible, but care must be exercised that too 
great precision is not assigned to it. 
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INTRODUCTION 


The Hamilton group in Pennsylvania, as in New York, is divisible 
into four formations: the Moscow, the Ludlowville, the Skaneateles, and 
the Marcellus. These are partially subdivisible. In studying the group, 
Cooper’s published data on the New York Hamilton * have been used 
extensively, supplemented by the senior author’s notes made while visit- 
ing the region of Hamilton, New York, with Dr. Cooper during the sum- 
mer of 1932. Dr. Cooper must be credited for much of the information 
necessary in starting the detailed studies in Pennsylvania. The authors 
take this opportunity of expressing their appreciation of his exposition 


1 Manuscript received by the Secretary of the Society, February 9, 1933. 

2 Published with the permission of the State Geologist of Pennsylvania. 

3G. A. Cooper: Stratigraphy of the Hamilton group of New York. Am. Jour. Sci., 
5th ser., vol. 19, 1930, pp. 116-131, 214-236. 
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of the New York sequence, which has greatly assisted their studies. Re- 
ports by Prosser,* Cleland,’ Grabau,® Goldring,’ Clarke,* and others 
have also proved part'cularly applicable. The junior author worked two 
field seasons in Perry County in the preparation of his dissertation in 
partial fulfillment of the requirements of the degree of Doctor of Phil- 
osophy at Harvard University. The senior author has studied the rest 
of the region intermittently for ten years. 


GEOGRAPHIC DISTRIBUTION 


The Hamilton group enters eastern Pennsylvania at Matamoras on 
the Delaware, follows the river to Stroudsburg, and thence southwest to 
the Lehigh Valley. Beyond the Lehigh, outcrops continue to the Schuyl- 
kill Valley, there making an S-turn about Schuylkill Haven and Auburn 
and continuing southwestward to Pine Grove. The outcrop then fol- 
lows Swatara Creek nearly to Swatara Gap, whence it runs southwestward 
to the Susquehanna, which it crosses near Rockville into Perry County. 
The beds zigzag across Perry County and leave by the northeast corner, 
beyond which these studies have not been carried. The Hamilton out- 
lier in the Green Pond Mountain region of northern New Jersey was 
visited by the senior author, and collections of fossils made. 


HAMILTON CORRELATIONS 


STRUCTURE AND THICKNESS 


Except for local distortion, the Hamilton has a nearly uniform, gentle 
dip throughout—north-northwest in the eastern sections and more nearly 
north in the more western exposures except in Perry County, where fault- 
ing and folding interrupt. Maximum thickness of at least 2300 feet is 
recorded in northern New Jersey, with only part of the group known to be 
present. From there it diminishes to nearly 1500 feet in Perry County. 
It is a curious anomaly that although the Perry County section is the 
thinnest, yet it is made up of the highest proportion of coarse, clastic 
sediments. 


*cC. S. Prosser: The Devonian system of eastern Pennsylvania and New York. U. 8. 
Geol. Survey Bull. 120, 1894. 

5H. F, Cleland: A study of the fauna of the Hamilton formation of the Cayuga Lake 
section in central New York. U.S. Geol. Survey Bull. 206, 1903. 

6A. W. Grabau: The faunas of the Hamilton group of Eighteenmile Creek and vicinity 
in western New York. New York State Geol., Ann. Rept. 16, 1899, pp. 227-339. 

7 W. Goldring: Handbook of Paleontology. New York State Mus., Handbook 10, pt. 2, 
1931. 

8 J. M. Clarke: The Livonia salt shaft. New York State Geol., Ann. Rept. 13, 1893, 
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NEW YORK TYPE 


Table 1, based principally wpon Cooper’s findings, summarizes the 
eastern New York Hamilton divisions insofar as they apply in eastern 
Pennsylvania (compare with Table 2, Pennsylvania, p. 779). 


TaBLeE 1.—Hamilton Group of Eastern New York 


Moscow ForMATION 


Windom member: Shale, soft, gray; sandier and thicker eastward. Spirifer 
tullius and Vitulina pustulosa zone at top. 


LUDLOWVILLE FORMATION 


Not subdivided in eastern New York: Uniform sandy shale with Hamilton 
facies. Coral beds in lower part. 

Centerfield member: Thin sandy limestone with many fossils, particularly 
corals. 


SKANEATELES FORMATION 


Colgate member: Dark sandstone and shale, highly fossiliferous locally. 

Berwyn member: Shale, dark, sandy in central New York, sandier east- 
ward; Hamilton facies. Vitulina pustulosa at base, its only Skaneateles 
occurrence. 

Delphi member: Shale, dark, soft to sandy; large pelecypods. 

Mottville member: Shale, soft to hard; hard crinoidal limestone in midst. 


MARCELLUS FoRMATION 


Cardiff member: Shale, gray; Liorhynchus fauna. Grows sandier eastward, 
taking on Hamilton facies; Taonurus plentiful. 

Chittenango member: Shale, jet black, fissile; large septaria; brown streak; 
Styliolina its only fossil. 

Union Springs member: Alternate thin bands of black limestone and sooty 
black shale above Onondaga. Styliolina and a few other fossils known. 


PROBLEMS OF CORRELATION 


In Pennsylvania many New York subdivisions are lacking, particularly 
the thin limestones which form such excellent key beds. Faunas, too, 
are less complete: abundant in numbers, they are poorer in species. Cer- 
tain New York species, as Spirifer divaricatus, are unknown in eastern 
Pennsylvania. Conversely, Vitulina pustulosa and other distinctive fos- 
sils are common in both States. It is pertinent to observe that no Tully 
limestone nor fauna was found anywhere in the area. The Hamilton 
is followed in the westernmost sections by the Genesee; farther east, by 
the “Sherburne”; and in the Delaware Valley, by the Portage (Ithaca) 
a succession of interest, considering Cooper’s recent discoveries. 
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HAMILTON SECTIONS 


Green Pond Mountain, New Jersey, section—The Wamilton group 
in the Green Pond Mountain region of New Jersey consists of some 2300 
feet divided into the fossiliferous Cornwall sandy shale, the overlying 
Bellvale sandstone, and the succeeding Skunnemunk red beds. Weller ® 
published faunal lists from the lower and middle members (the red beds 
are barren), which are characteristic Hamilton types. The following 
specimens were collected by the senior author, chiefly from the Cornwall 


shale : 
Faunule 1 
Aulopora sp. Adolfia (Spirifer) audacula (Conrad) 
Athyris spiriferoides (Eaton) 
Crinoidea, columnals Brachiopod, indet. 
Panenka hero Hall 
Fenestella sp. Nucula cf. varicosa Hall 
N. sp. 
Leptostrophia perplana (Conrad) Pterinea flabellum (Conrad) 
Stropheodonta sp. Modiomorpha sp. 
Liorhynchus laura (Billings) Pelecypod, indet. 
L. sp. 
Atrypa reticularis (Linnaeus) Orthoceras sp. 
Spirifer mucronatus (Conrad) Taonurus sp. 


S. ef. angustus Hall 


The shales, conformable with the Onondaga-Oriskany beds below, are 
of the same age as the Marcellus. The Hamilton faunal facies, abundant 
Taonurus, and lithology correlate them with the eastern New York Cardiff. 

Brodhead Creek section.—The section in Brodhead Creek valley’? from 
Stroudsburg northward is 33 miles west of Green Pond Mountain. All 
four Hamilton formations are recognized. 

The Moscow formation comprises nearly 250 feet of fine, dark-gray 
platy sandstone and dark sandy argillaceous shale with a few small con- 
cretions. At the highway bridge over Brodhead Creek, southwest of 
Analomink, the following forms were collected : 


°S. Weller: Paleozoic faunas. New Jersey Geol. Survey, Rept. on Paleontology, vol. 
3, 1908, pp. 106-107. 

H. B. Kiimmel and S. Weller: The rocks of the Green Pond Mountain region. New 
Jersey Geol. Survey, Ann. Rept. 1901, pp. 3-51. 

1° Bradford Willard: Devonian faunas in Pennsylvania. Pennsylvania Topogr. and 
Geol. Survey, Bull. G4, 1932, pp. 34-43. 
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Faunule 2 
Crinoidea, columaals Grammysia arcuata (Conrad) 
Cephalopod, indet. 


Atrypa reticularis (Linnaeus) 
Spirifer granulosus (Conrad) Phacops cf. rana (Green) 
S. mucronatus (Conrad) Dalmanites boothi (Green) 


S. angustus Hall 

Prosser‘! appears to have found Vitulina near this zone. The fauna 
suggests Cleland’s Zone T. Cleland does not cite Vitulina, but Cooper 
reports it from the top of the Moscow. The whole formation is correlated 
with the New York Windom member. 

The Ludlowville formation occupies 570 feet of section. The base is 
an 18-foot coral “reef” zone exposed on Highway 90, north of Strouds- 
burg. It is slightly arenaceous, calcareous shale, gray to brown, heavy 
bedded, weathering to honeycomb texture, and carrying many well- 
preserved fossils, as follows: 


Faunule 3 

Pleurodictyum sp. Schizophoria striatula (Schlotheim) 

Camarotoechia congregata (Conrad) 
Streptelasma rectum (Hall) C. contracta (Hall) 
Zaphrentis prolifica Billings Liorhynchus cf. multicostum (Hall) 
Z. simplex Hall L. sp. 
Z. sp. Tropidoleptus carinatus (Conrad) 
Amplerus cf. hamiltoniae Hall T. cf. occidens Hall 
Aulacophyllum sp. Atrypa reticularis (Linnaeus) 
Craspidophyllum archiaci (Billings) Spirifer angustus Hall 
Ceratopora cf. dichotoma Grabau S. mucronatus (Conrad) 
C. jacksoni Grabau S. granulosus (Conrad) 
Syringopora cf. maclurei Billings S. sculptilis Hall 
Favosites cf. hamiltoniae Hall Elytha (Reticularia) fimbriata (Conrad) 
F. cf. clausus Rominger Nucleospira concinna Hall 
Corals, indet. Athyris spiriferoides (Eaton) 

A. ef. cora Hall 
Crinoidea, columnals and plates A. sp. 

Brachiopod, indet. 
Hederella ? 
Monticulipora sp. Liopteria sp. 
Fenestella cf. biperforata Hall Actinodesma erectum (Conrad) 
F. ef. laevinodata Hall A. sp. 
F. cf. parallela Hall Aviculopecten sp. 
F. sp. ; Modiomorpha concentrica (Conrad) 
Thamniscus sp. Pelecypod, indet. 
Taeniopora exigua Nicholson 
Bryozoa, indet. Turbo n. sp. 


11 Op. cit., p. 5. 
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Leptostrophia perplana (Conrad) Spiroceras sp. 
Stropheodonta demissa (Conrad) 

Chonetes mucronatus Hall Phacops rana (Green) 
Productella spinulicosta Hall 

Delmanella sp. Dalmanites boothi (Green) 


Rhipidomella vanuxemi Hall 


Above the “reef” are alternating medium-coarse dark-gray sandstone 
and shale. A zone of six-foot storm rollers occurs 180 feet above the 
“reef,” and fossils were collected at several zones. The “reef” fauna 
equals Cleland’s Zone D, basal Ludlowville; possibly it is the Centerfield. 
The higher faunules are upper Ludlowville but are too limited for sub- 
division. The storm roller zone, the “reef,” and the Zone D faunule are 
all or in part recognized in most of the more western sections. 

The Skaneateles formation, 534 feet thick, is dark-gray to black sand- 
stone for the lower 30 feet, with Spirifer mucronatus alone present. The 
remainder is dominated by fine to shaly dark sandstone with a “Phacops 
bed” 140 feet above the base. Ten feet higher occur the following: 


Faunule 4 


Zaphrentis ef. simplex Hall Spirifer mucronatus (Conrad) 
Aulopora sp. S. sp. 
Ceratopora cf. jacksoni Grabau Ambocoelia umbonata (Conrad) 


Athyris spiriferoides (Eaton) 


Crinoidea, columnals 
Nucula bellistriata (Conrad) 


Fenestella sp. Pterinea flabellum (Conrad) 
Leptostrophia perplana (Conrad) Platyceras auriculatum Hall 
Chonetes sp. 

Camarotoechia cf. prolifica Hall Phacops sp. 


No Mottville has been found, for the Skaneateles grades into the Mar- 
cellus. The lower 30 feet may represent the Delphi, but there is no 
Vitulina zone of separation from the Berwyn. No Colgate appears. 

The Marcellus formation is present as 880 feet of dark-gray to black 
shale, often finely arenaceous. At the base are lenses of olive-gray sand- 
stone, and small concretions are locally plentiful. Ina quarry at Strouds- 
burg '* approximately 130 feet above the base were collected these forms: 


12 Bradford Willard: A Marcellus fauna at Stroudsburg, Pennsylvania. Am. Jour. Sci., 
5th ser., vol. 24, 1932, pp. 147-151. 
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Bryozoa, indet. 


Lingula cf. delia Hall 

L. ligea Hall 

Orbiculoidea sp. 

Craniella cf. hamiltoniae Hall 
Craniella ? 

Chonetes mucronatus Hall 

C. scitulus Hall 

C. setiger (Hall) 

Strophalosia truncata (Hall) 
Camarotoechia prolifica Hall 
Liorhynchus limitare (Vanuxem) 
L. laura (Billings) 

L. laura (?) (Billings) 
Tropidoleptus carinatus (Conrad) 
Spirifer mucronatus (?) (Conrad) 
Ambocoelia umbonata (Conrad) 
A. nana Grabau 

Brachiopod, indet. 


Faunule 5 


Panenka costata Hall 

Nuculies triqueter Conrad 
Liopteria laevis Hall 
Lunulicardium curtum Hall 
Actinopteria muricata Hall 
Nyassa subalata Hall 
Aviculopecten invalidus Hall 

A. scabridus Hall 

Allocardium alternatum (?) Hall 
Modiomorpha alta (Conrad) 


Styliolina fissurella (Hall) 


Nephritoceras bucinum (Hall) 
Bactrites ef. clavus Hall 


Homalonotus dekayi (Green) 
Phyllocarid, indet. 


Onychodus sigmoides (?) Newberry 


Plantae, indet. 


A nearly identical faunule was found 200 feet higher. These fossils 
and some few from more barren, higher beds belong chiefly to Cleland’s 
Zone B, upper Marcellus. They and the lithology place the exposed por- 
tion of the formation in the Cardiff without subdivision. 

Lehigh River section.—On the Lehigh, 27 miles west of Brodhead Creek, 
from Bowmans to Lehighton, the Hamilton shows along both sides of 
the river. The section is much like that on Brodhead Creek. 

The Moscow formation is 245 feet thick. Its lower 50 feet is gray 
clayey sandstone succeeded by olive-gray to dark sandstone, brown-weather- 
ing, platy, and interbedded with clay shale. Near the middle, along the 
highway south of Weissport, the following fossils occur: 


Chonetes scitulus Hall 

C. ef. vicinus (Castelnau) 
Spirifer mucronatus (Conrad) 
S. ef. granulosus (Conrad) 

S. tullius Hall 

Ambocoelia praeumbona Hall 


Faunule 6 


Vitulina pustulosa Hall 


Nuculites triqueier Conrad 
Actinopteria decussata Hall 


Pleurotomaria sp. 


At Lehighton bridgehead, 50 feet from the top of the formation, a dark 


shale yielded these forms: 
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Faunule 7 


Aulopora serpens Goldfuss Dalmanella lenticularis (Vanuxem) 

Ceratopora cf. jacksoni Grabau Spirifer mucronatus (Conrad) 
Ambocoelia umbonata (Conrad) 

Crinoidea, columnals Nuculeospira cf. concinna Hall 


Vitulina pustulosa Hall 


Fenestella ef. emaciata Hall 
F. sp. Actinopteria decussata Hall 


Bryozoa, indet. 
Pleurotomaria (Bembezxia) filitexta Hall 


Leptostrophia perplana (Conrad) Loxonema hamiltoniae Hall 


The Moscow is correlated with the Windom shale member. The fauna 
suggests a mingling of Cleland’s upper five or six zones and is more char- 
acteristic than that from Brodhead Creek; Ambocoelia umbonata and 


Vitulina pustulosa are common. 
The Ludlowville formation occupies nearly 840 feet of alternating dark- 


gray sandy shale and sandstone. Fossils are few, and the base is either 
concealed or faulted out. A composite fauna of the whole is as follows: 


Faunule 8 


Zaphrentis sp. Adolfia (Spirifer) audacula (Conrad) 
Amplezus cf. hamiltoniae Hall Athyris spiriferoides (Eaton) 
Crinoidea, columnals Nucula corbuliformis Hall 
N. bellistriata (Conrad) 
Fenestella sp. N. varicosa Hall 
Palaeoneilo plana Hall 
Chonetes ef. vicinus (Castelnau) Pelecypod, indet. 
Liorhynchus laura (Billings) 
Cyrtina hamiltonensis Hall Phacops rana (Green) 
Spirifer mucronatus (Conrad) Rhinocaris cf. columbina Clarke 


The Skaneateles formation is nearly 340 feet thick. The lower 30 feet, 
west of the river, is dark sandstone and shale, in the midst of which is 
a coquinite of comminuted crinoid “joints,” corals, and other fossils. 
Upward, the beds become dark sandy shale with a concretionary zone in 
their lower part. The highest beds grow sandier, lighter gray, and barren. 
The lower Skaneateles is unquestionably Mottville shale with its crinoidal 
limestone lentil. Lack of fossils prevents further subdivisions of the 
formation, although the lithologic change upward suggests passing from 
the Delphi member into the Berwyn Creek member. 

The Marcellus formation is at least 800 feet thick, but only the upper 
beds are well exposed. These are barren dark fissile shale with inter- 


L—BULL. GEOL. Soc, AM., Vou. 44, 1983 
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bedded finely arenaceous lenses. They are correlated with the Cardiff 
member through analogy with the Brodhead Creek section. 

Schuylkill section—From the numerous outcrops in the Schuylkill 
Valley, one of the best Hamilton sections available in eastern Pennsyl- 
vania can be constructed. This area is 27 miles west of the Lehigh River 
section. 

The Moscow formation is composed of 100 feet of soft, buff, brown- 
weathering shale with a chunky fracture. Along the Reading Railroad, 
north of Auburn, two fossiliferous zones occur, the first in the lower 
20 feet, the other near the top of the formation. They produced these 
forms: 

Faunule 9 (lower zone) 


Spirifer mucronatus (Conrad) 


Favosites ? 
Adolfia (Spirifer) audacula (Conrad) 
Crinoidea, columnals Vitulina pustulosa Hall 
Chonetes seliger (Hall) Nuculites oblongatus Conrad 
Camarotoechia prolifica Hall 
Tropidoleptus carinatus (Conrad) Dalmanites boothi (Green) 
Faunule 10 (upper zone) 
Chonetes scitulus Hall Athyris cf. spiriferoides (Eaton) 
C. cf. setiger (Hall) 
C. lepidus Hall Liopteria cf. conradi Hall 
Tropidoleptus carinatus (Conrad) 
Spirifer mucronatus (Conrad) Pleurotomaria (Euryzone) itys Hall 


S. tullius Hall 
Adolfia (Spirifer) audacula (?) (Conrad) Echinocaris ? 

The Moscow lithology is still that of the Windom shale. Vitulina is 
present, though not at the extreme top. The second faunule resembles 


Cleland’s Zone T. 
The Ludlowville formation is 630 feet thick. Its lower 90 feet is brown 


sandy shale, weathering to olive-brown angular chips and carrying the 


following fossils: 


Faunule 11 
Chonetes scitulus Hall Pelecypod, indet. 
C. setiger (Hall) 
C. cf. lepidus Hall Orthoceras telamon Hall 


Spirifer mucronatus (Conrad) 
Nucula corbuliformis Hall 
Pterinopecien sp. 


Dalmenites boothi (Green) 


Plant fragments 
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A storm-roller zone, 10 feet thick, follows and is overlain by 260 feet 
of dark-gray, brown-weathering, somewhat sandy shale, growing lighter 


and sandier upward and having a splintery fracture. 


It is abundantly 


fossiliferous throughout, particularly near Auburn and eastward to Deer 


Lake: 


Faunule 12 
(Composite from several exposures) 


Aulopora sp. 
Corals, indet. 


Ancyrocrinus bulbosus Hall 
Crinoidea, columnals 


Bryozoa, indet. 


Discina ? 

Leptostrophia perplana (Conrad) 
Stropheodonta sp. 

Chonetes coronatus (Conrad) 

C. scitulus Hall 

C. lepidus Hall 

Dalmanella cf. lenticularis (Vanuxem) 
Liorhynchus sp. 

Tropidoleptus carinatus (Conrad) 
Spirifer mucronatus (Conrad) 

S. acuminatus (Conrad) 

Adolfia (Spirifer) audacula (Conrad) 
A. (S.) ef. audacula (Conrad) 


Orthonota undulata (Conrad) 
Grammysia arcuata (Conrad) 
G. ef. arcuata (Conrad) 

G. magna Hall 

G. ef. nodocosta Hall 

G. sp. 

Nucula bellistriata (Conrad) 
N. ef. bellistriata (Conrad) 
N. lirata (Conrad) 

N. corbuliformis Hall 
Nuculites triqueter Conrad 
N. oblongatus Conrad 

N. sp. 

Palaeoneilo fecunda Hall 


The remaining 270 feet of Ludlowville are medium-gray sandy shale 


with these fossils: 


P. emarginata (Conrad) 

P. ef. maxima (Conrad) 

P. constricta (Conrad) 

P. Sp. 

Megambonia sp. 

Pterinopecten sp. 

Mytilarca (Plethomytilus) 
oviformis (Conrad) 

Modiomorpha constricta (Conrad) 

M. cf. constricta (Conrad) 

Goniophora rugosa (?) (Conrad) 

G. hamiltonensis Hall 

G. sp. 

Cypricardella tenuistriata Hall 

Paracyclas elliptica Hall 

Schizodus sp. 

Pelecypods, indet. 


Pleurotomaria ? 

Bellerophon (Bucanopsis) leda Hall 
B. ef. leda Hall 

B. sp. 

Hormotoma (Murchisonia) n. sp. 
Lozxonema cf. bellona Hall 

Platyceras (Orthonychia) conicum Hall 


Coleolus cf. tenuicinctus Hall 
Gastropod, indet. 


Orthoceras subulatum Hall 
O. cf. exile (Hall) 

O. constrictum Vanuxem 
O. sp. 

Spiroceras crotalum (Hall) 
Bactrites cf. aciculatus Hall 


Trilobite, indet. 
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Faunule 13 


Coral ? C. setiger Hall 
Tropidoleptus carinatus (Conrad) 
Bryozoa, indet. Spirifer mucronatus (Conrad) 


Adolfia (Spirifer) audacula (Conrad) 
Leptostrophia perplana (Conrad) 


Stropheodonta demissa (Conrad) Grammysia sp. 
Schuchertella variabilis Prosser Nucula cf. bellistriata (Conrad) 
Chonetes coronatus (Conrad) Liopteria sp. 


C. scitulus Hall 
Bellerophon cf. leda Hall 


Gastropod, indet. 


Faunules 11 and 12 are evidently Cleland’s Zone D; Faunule 13, his 
Zone 1. The Ludlowville is net subdivided, although the storm-roller 
zone is well defined. The basal fauna runs through a greater thickness 
than usual, extending even above the storm rollers, but is poorer in 
corals than is the fauna to the east. 

The Skaneateles formation occupies 490 feet of the column. The 30 
feet of barren, dark- to olive-gray or black shale at the base may be 
Mottville. Overlying this, is the Rockville member. This name is intro- 
duced for a light-colored sandstone first studied at Rockville on the 
Susquehanna. In the Schuylkill Valley, between Schuylkill Haven and 
Auburn, it is 60 feet of light-gray, medium-grained, buff- to light-brown- 
weathering, more or less cross-bedded, flaggy to heavy sandstone under- 
lying the Delphi member. The Rockville is fossiliferous, characterized 
by many specimens of Stropheodonta and Chonetes: 


Faunule 14 


Stropheodonta demissa (Conrad) Spirifer mucronatus (Conrad) 
S.n. sp. 

Schuchertella variabilis Prosser Nyassa ? 

Chonetes cf. setiger (Hall) 

C. lepidus Hall Buchiola ? 


The Delphi member overlies the Rockville sandstone as 350 feet of 
dark shale and sandy beds. The remaining 50 feet is the Berwyn mem- 
ber, dark gray, fine, somewhat shaly sandstone with the following fossils: 


Faunule 15 


Orthonota undulata Conrad 
Nucula sp. 
Nuculites oblongatus Conrad 


Crinoidea, columnals 


Bryozoa, indet. 
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Leptostrophia perplana (Conrad) Bellerophon sp. 

Chonetes cf. coronatus (Conrad) 

C. syrtalis Conrad Orthoceras sp. 
Camarotoechia prolifica Hall 

Tropidoleptus carinatus (Conrad) Homalonotus dekayi (Green) 
Spirifer mucronatus (Conrad) 

Vitulina pustulosa Hall Taonurus sp. 


Brachiopod, indet. 

Faunule 15 is assigned to Cleland’s Zone C and is the first clear-cut 
Berwyn encountered thus far, because the Vitulina zone marking its 
base has not been found to the east. Thus, the thick Delphi is capped 
by thin Berwyn, the Mottville is doubtfully present in the basal shale, 
and the newly named Rockville member appears on the Schuylkill. 

The Marcellus formation is estimated to be 675 feet thick. Two miles 
west-southwest of Summit, 100 feet above the assumed base, is a dark 
shale, finely laminated, with a gray-brown streak and carrying Styliolina 
alone. The middle Marcellus is hidden. The uppermost beds east and 
southeast of Schuylkill Haven on the Pennsylvania Railroad are dark- 
gray to black, brown-weathering, fine-grained sandy shale with some 
heavy sandstone lenses. The shale carries a Marcellus fauna with Hamil- 
ton elements, notably pelecypods : 


Faunule 16 


Lingula sp. Actinopteria ef. subdecussata Hall 
Orbiculoidea minuta Hall A. muricata Hall 

Craniella cf. hamiltoniae Hall Leptodesma cf. rogersi Hall 
Inarticulate brachiopods, undet. Modiomorpha alta (Conrad) 
Camarotoechia dotis Hall 

Liorhynchus limitare (Vanuxem) Styliolina fissurella (Hall) 


Phyllocarid, indet. 

The Schuylkill Valley Marcellus is differentiated. The basal black 
shale is Chittenango, according to its lithology, its streak, and its single 
fossil species. The upper Marcellus is called Cardiff, although lithology 
and fauna suggest Skaneateles relationships. 

Swatara Creek section Along Swatara Creek, 18 to 20 miles west of 
the Schuylkill section, the Hamilton outcrops in Trout Run Valley, at 
the west end of Swope Mountain, and at other points, but the exposures 
are inferior and incomplete. 

The Moscow formation is perhaps 175 feet thick, mostly hidden. North 
of Trout Run, olive to gray shale with sandy beds, brown-weathering and 
crumbling to fragments, carries the following: 


: 
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Faunule 17 


Crinoidea, columnals Tropidoleptus carinatus (Conrad) 

Bryozoa, indet. Grammysia arcuata (Conrad) 
Actinopteria decussata Hall 

Leptaena rhomboidalis (Wilckens) Paracyclas lirata (?) Conrad 

Chonetes scitulus Hall 

Camarotoechia prolifica Hall Phyllocarid, undet. 


Vitulina, absent here, was collected from the same zone on the highway 
three-quarters of a mile northwest of Suedberg. The fauna approximates 
Cleland’s Zone T, and the formation is assigned to the Windom. 

The Ludlowville formation, largely concealed, has a maximum esti- 
mated thickness of 600 to 700 feet. The best showing is in a small, road- 
side quarry three-quarters of a mile southwest of Suedberg. Here, 20 
feet of soft, olive-brown, clayey shale with pencil fracture underlies a 
storm-roller zone and contains the foilowing forms: 


Faunule 18 
Aulopora sp. Spirifer mucronatus (Conrad) 
Ceratopora ? S. tullius (?) Hall 
Corals, undet. S. sculptilis Hall 


Adolfia (Spirifer) cf. audacula (Conrad) 
Bryozoa, indet. 

Actinopteria decussata Hall 
Chonetes lepidus Hall Pterinopecten sp. 
C. ef. lepidus Hall 

This is believed to equal Cleland’s Zone D, and ‘ts corals and the suc- 
ceeding storm rollers agree with the basal Ludlowville to the east. 

The Skaneateles formation is probably 700 feet thick, but fully half is 
concealed. The lower 125 feet exposed along the west side of Swatara 
Creek on the highway is gray, brown-weathering, medium to coarse (but 
nonconglomeratic), heavy-bedded, barren sandstone. This series is fol- 
lowed by 220 feet of finer sandstone, flaggy to heavy-bedded, and carrying 
these fossils: 


Faunule 19 
Leptostrophia perplana (Conrad) Atrypa reticularis (Linnaeus) 
Chonetes coronatus (Conrad) Spirifer granulosus (Conrad) 
Rhipidomella vanuxemi Hall Adolfia (Spirifer) audacula (Conrad) 


Brachiopod, indet. 


Curiously, these fossils fit Cleland’s Zone D better than his Zone C. 
However, most of the species are recognized—often they are common—in 
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the Skaneateles, west of this point. For instance, large numbers of 
Spirifer granulosus and Adolfia (Spirifer) audacula occur in most of the 
more western Skaneateles beds. It is difficult to match these beds with 
the New York section. The Mottville and the Rockville members, if 
present, are concealed above the Marcellus. The overlying thick, coarse 
sandstone, becoming flaggy upward, may safely be called Skaneateles, 
the eastern, finer-grained extension of Claypole’s “Montebello” sand- 
stone.*® 

The Marcellus formation is about 90 feet thick, exposed above the 
Onondaga limestone east of Swatara Creek, at Swope Mountain. It is 
black argillaceous limestone for the lower three or four feet, then dark 
slightly arenaceous shale carrying the following: 


Faunule 20 

Bryozoa, indet. C. vicinus (Castelnau) 
Rhipidomella vanuxemi Hall 

Lingulella sp. Liorhynchus limitare (Vanuxem) 
Leptostrophia perplana (Conrad) 
Stropheodonta demissa (Conrad) Actinopleria cf. doris Hall 
Leptaena rhomboidalis (Wilckens) Pelecypod, indet. 
Chonetes coronatus (Conrad) 
C. scitulus Hall Styliolina fissurella (Hall) 
C. ef. setiger (Hall) 
C. ef. lepidus Hall Ostracod, undet. 


This Marcellus is more fossiliferous than the typical Chittenango mem- 
ber but is darker and less sandy than the eastern Cardiff. At Selinsgrove 
Junction, 25 miles northwest of Swatara Gap,’* the upper part of the 
Marcellus formation is represented by 345 feet of black fissile shale, with 
large concretions and occasional sandstone lenses and with only Styliolina 
and Liorhynchus limitare reported. This is the Chittenango. At the 
base is 10 feet of black, sooty shale, with many fossils and containing 
limestone bands, resting upon the Onondaga and correlated with the 
Union Springs member. The Swatara Marcellus fits neither type exactly 
and is assigned to the Cardiff member, although it may eventually be 
transferred to the Union Springs. 


13E. W. Claypole: Second Pennsylvania Geol. Survey, vol. F2, Perry County, 1885, p. 
67, etc. 

14 Bradford Willard: A Devonian section at Selinsgrove Junction, Pennsylvania. Am, 
Midland Nat., vol. 13, no. 4, 1932, pp. 222-235. Since the article here cited was written, 
new Marcellus exposures have been made at this locality and have been studied by 
the author. 
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Susquehanna River section.—The Susquehanna River section, 24 miles 
west of Swatara Creek, is exposed in the Rockville quarries, east of the 
river. It is supplemented by data from the west shore. 

The Moscow formation is concealed. 

The Ludlowville formation is also hidden except for the lower 130 feet. 
The first 19 feet is heavy, whitish coarse sandstone with a well-defined 
conglomerate at the base with rounded white quartz pebbles, some of which 
reach a diameter of two inches. Cup corals are common. The fossils 
found are: 


Faunule 21 
Corals, undet. (abundant) S. sculplilis Hall 
Adolfia (Spirifer) audacula (Conrad) 
Camarotoechia congregata (Conrad) 
Spirifer granulosus (Conrad) Trilobite, indet. 


Above this are 115 to 120 feet of coarse, flaggy sandstone with pebble 
beds and many large specimens of Spirifer granulosus. The basal Lud- 
lowville is inferred from the corals and associated forms. Storm rollers 
are absent in such coarse material. The conglomerate is assumed to mark 
the base of this formation, separating it from the Skaneateles, although 
its presence at this zone is probably adventitious. Several conglomerates 
appear in the “Montebello” sandstone of Perry County. At Rockville 
a conglomerate coincides with the basal Ludlowville, but to the west this 
does not happen. The fauna approximates Cleland’s Zone D; the paucity 
of species can be attributed to the unusual environment. Furthermore, 
the character of the subjacent Skaneateles supports the view that this 
zone is the lowest Ludlowville. 

The Skaneateles formation is exposed almost continuously -for 735 feet 
in the quarries. At the base are nearly barren shales assigned to the 
Mottville, since they overlie the Taonurus (Spirophyton) zone marking 
the “Marcellus-Hamilton” contact observed across the river. This fol- 
lows the Maryland usage.*® These shales are capped by the heavy Rock- 
ville sandstone, four feet thick, fine, hard, gray, massive, with the follow- 
ing fossils: 

Faunule 22 
Leptostrophia perplana (Conrad) Rhipidomella sp. 


Chonetes coronatus (Conrad) Tropidoleptus carinatus (Conrad) 
Spirifer granulosus (Conrad) 


1% Maryland Geol. Survey, Middle and Upper Devonian, 1913, pp. 62-63. 
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Above, lies 230 feet of sandstone with occasional shale bands, all nearly 
barren save for plant fragments. Capping this is a shale containing these 
fossils : 

Faunule 23 


Crinoidea, columnals Spirifer granulosus (Conrad) 
S. tullius (?) Hall 

Leptostrophia perplana (Conrad) S. mucronatus (Conrad) 

Camarotoechia congregata (Conrad) Vitulina pustulosa Hall 


Tropidoleptus carinatus (Conrad) 
Pleurotomaria (Bembezxia) 
sulcomarginata (Conrad) 


The presence of Vitulina is significant. The rest of the Skaneateles is 
dominantly dark fossiliferous sandstone with some shale. A zone of 
Adolfia (Spirifer) audacula one foot thick, occurs 315 feet above Faunule 
23, followed by a vast number of plant fragments. Fucoids form a promi- 
nent band 70 feet higher still. Spirifer granulosus and Adolfia (Sjpirifer) 
audacula occur constantly, associated with a few other fossils, including 
Paracyclas lirata, Nowhere else has this fossil been unquestionably iden- 
tified by the writers above the Skaneateles in the Hamilton of eastern 
Pennsylvania. In an 18-foot band of dark sandstone and shale close to the 
top of the Skaneateles the following were found: 


Faunule 24 
Newberrid sp. ? 


Crinoidea, columnals Spirifer mucronatus (Conrad) 
S. granulosus (Conrad) 

Hederella sp. S. angustus Hall 
Fenestella sp. Adolfia (Spirifer) audacula (Conrad) 
Bryozoa, indet. Athyris spiriferoides (Eaton) 
Leptostrophia cf. perplana (Conrad) Nuculites oblongatus Conrad 
Stropheodonta (Douvillina) inequistriata sp. 

(Conrad) 
Schuchertella variabilis Prosser Pterinea flabellum (Conrad) 
Chonetes mucronatus Hall 
C. coronatus (Conrad) Pleurotomaria sp. 
Productella ef. spinulicosta Hall Gastropod, indet. 
Rhipidomella leucosia Hall 
Camarotoechia prolifica Hall Elymocaris n. sp. 


C. cf. prolifica Hall 
Taonurus cf. velum (Vanuxem) 


The top of the Skaneateles is sandstone, dark, shaly, with occasional 
plant fragments, brachiopods, and abundant Taonurus. Clearly, the 
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Delphi member makes up the lower, nearly barren 230 feet between the 
Vitulina zone (Faunule 23) and the Rockville member. The remainder 
above is Berwyn. It seems reasonable to assign the 18 feet of fossiliferous 
dark sandstone and shale near the top to the Colgate sandstone member, 
although its fossils (Faunule 24) are not particularly convincing. 

The Marcellus formation is poorly represented by not more than 100 
feet of dark, fissile, barren, nonconcretionary shale. It is believed to be 
faulted against the subjacent Silurian red shale to the south. West of 
the river it is separated from the Mottville by the Taonurus zone, not 
discovered on the east side. In view of the character of this formation, 
here, at Selinsgrove Junction, and on Swatara Creek, the Marcellus at 
Rockville is assigned to the Chittenango member. 

Perry County section.—The junior author has studied several sections 
of the Hamilton in Perry County. A composite section of these gives the 
desired information concisely. 

The Moscow formation is approximately 50 feet of buff to olive soft 
shale, with occasional beds of fine, blocky sandstone. The fauna is pro- 
fuse. At the top of these beds, below characteristic fossiliferous Genesee 
black shale, south of Half Falls Mountain on the Juniata, the following 
faunule was collected : 


Faunule 25 


Streptelasma rectum (Hall) Spirifer mucronatus (Conrad) 
Cladochonus humilis Clarke and Swartz _ S. sp. 
Elytha (Spirifer) fimbriata (Conrad) 


Ceratopora jacksoni Grabau Ambocoelia umbonata (Conrad) 
Crinoidea, columnals Vitulina pustulosa Hall 

Bryozoa, indet. Palaeoneilo sp. 

Craniella hamiltoniae Hall Platyceras erectum Hall 

Chonetes vicinus (Castelnau) Diaphorostoma lineatum (Conrad) 
C. lepidus Hall Styliolina fissurella (Hall) 
Rhipidomella leucosia Hall 

Liorhynchus laura (Billings) Phacops rana (Green) 

Atrypa reticularis (Linnaeus) Dalmanites boothi (Green) 
Spirifer sculptilis Hall Bollia cf. obesa Ulrich 


The largest assemblage of Hamilton forms from any one locality so 
far discovered in eastern Pennsylvania comes from Barnetts Mill, south- 
east of New Bloomfield: 
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Faunule 26 


Zaphrentis sp. 
Aulopora sp. 
Ceratopora jacksoni Grabau 


Megistocrinus sp. 
Crinoidea, columnals 


Fenestella emaciata Hall 
Cystodictya (Stictopora) cf. 
incisurata Hall 


Pholidops cf. areolata (Hall) 

P. hamiltoniae Hall 

Stropheodonta (Douvillina) 
inequistriata (Conrad) 

S. concava Hall 

Leptaena rhomboidalis (Wilckens) 

Chonetes cf. mucronatus Hall 

C. lepidus Hall 

C. ef. vicinus (Castelnau) 

C. coronatus (Conrad) 

C. scitulus Hall 

Strophalosia truncata Hall 

Productella spinulicosta Hall 

Rhipidomella vanuremi Hall 

Dalmanella cf. lenticularis (Vanuxem) 

Camarotoechia congregata (Conrad) 

Tropidoleptus carinatus (Conrad) 

Atrypa reticularis (Linnaeus) 

Cyrtina hamiltonensis Hall 

Spirifer mucronatus (Conrad) 

S. ef. granulosus (Conrad) 

S. sculptilis Hall 

S. tullius Hall 

Elytha (Spirifer) fimbriata (Conrad) 

Amboceolia praeumbona Hall 

A. umbonata Conrad 

Nucleospira concinna Hall 

Anoplotheca cf. camilla (Hall) 

Vitulina pustulosa Hall 


Solemya (Janeia) vetusta (?) Meek 


Nucula bellistriata (Conrad) 
Nuculites oblongatus Conrad 

N. ef. triqueter Conrad 

N. sp. 

Palaeoneilo fecunda Hall 

P. clarkei Prosser 

P. constricta Conrad 

P. plana Hall 

P. emarginata (Conrad) 

P. cf. tenuistriata Hall 
Aviculopecten ornatus Hall 
Modiomorpha sp. 

Cypricardella bellistriata (Conrad) 
Cypricardinia indenta (Conrad) 


Pleurotomaria (Bembexia) 
sulcomarginata Conrad 

P. (Gyroma) capillaria Conrad 

P. (Trepospira) rotalia Hall 

Platyceras cf. erectum Hall 

Loxonema hamiitoniae Hall 

Bellerophon (Bucanopsis) leda Hall 

Cyrtolites (Cyrtonella) mitella Hall 

Diaphorostoma lineatum (Conrad) 

Hyolithes aclis Hall 

Styliolina fissurella Hall 


Orthoceras subulatum Hall 
O. cf. subulatum Hall 

O. aulax Hall 

Spyroceras nuntium Hall 
S. ef. nuntium Hall 


Proétus rowi (Green) 
Phacops rana (Green) 
Dalmanites bootht (Green) 
D. sp. 

Schizodiscus n. sp. 
Estheria (?) 

Ostracoda, sp. undet. 


Spore cases ? 


Lithologically, the Moscow is no longer so like the Windom shale mem- 
ber of eastern New York as it grows less arenaceous westward. The lower 
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faunule (Faunule 26) is dominated by species characteristic of Cleland’s 
Zone T, and the higher group, Faunule 25, agrees with Zone Y. 

The Ludlowville formation presents an interesting problem. The aver- 
age thickness of the entire Hamilton in Perry County is nearly 1500 feet. 
Approximately the lower two-thirds of this is heavy sandstone. This 
feature was noted and admirably discussed as the “Montebello” sandstone 
by Claypole.*® Its maximum thickness is in the southeastern part of 
Perry County, whence it thins westward, northward, and eastward, and 
interfingers with finer beds. The writers noted its eastern edge at Swatara 
Gap and a detailed section of it in the Rockville quarries. Because of the 
thickness and monotony of this sandstone, lithologic and paleontologic 
conditions are abnormal and correlations are upset. Two interpretations 
have suggested themselves for dividing the Ludlowville from the Skane- 
ateles. Possibly the Ludlowville is confined to about 170 feet of strata 
between the Moscow and a ferruginous lentil at the top of the “Monte- 
bello.” These are buff to greenish shales at the base, and green, bluish, 
and dark-gray shales and sandstones above. Although the shales are Lud- 
lowville in age, no Zone D faunule was recognized at the ferruginous band. 

Such an assignment of the Ludlowville formation would appear to be 
satisfactory, for a break in the midst of the “Montebello” sandstone is 
difficult to recognize or establish compared with one at its top. However, 
the tracing westward of the Hamilton from easternmost Pennsylvania to 
the Susquehanna suggests a second interpretation. Westward, the Delphi 
and the Berwyn members of the Skaneateles formation become differen- 
tiated as far west as Rockville by a Vitulina zone in the base of the Berwyn. 
Although not identified beyond the Susquehanna, this horizon may be 
projected into Perry County and will come about 250 feet above the base 
of the “Montebello” sandstone (see Figure 2). The basal Ludlowville, in 
the sections east of Perry County, is characterized by a fauna resembling 
that of Cleland’s Zone D. This fauna exists in a pauperized state even in 
conglomeratic sandstone on the Susquehanna at Rockville. Corals com- 
monly occur at the base of the Ludlowville, and this feature, too, obtains 
in the coarse sandstone at Rockville. If the basal Ludlowville at Rockville 
be projected into Perry County, it will fall about 700 feet above the base 
of the “Montebello” sandstone. In Perry County the Zone D types sur- 
vive, although more than one conglomeratic lentil confuses the lithologiec 
succession. Considering the coarseness of the sands and the evident prox- 
imity to source of supply, such lithologic change is not surprising, and 
nonbasal conglomerate may be expected anywhere. If the second inter- 


16 E. W. Claypole: Op. cit., pp. 66-68, 313, ete. 
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pretation holds, the Skaneateles-Ludlowville contact is far below the posi- 
tion assigned in the first interpretation, making the Ludlowville about 
600 feet thick rather than 170. At the railroad shop at New Bloomfield, 
700 feet above the Marcellus formation, is a coarse but nonconglomeratic 
sandstone with the following limited fauna, evidently allied to Cleland’s 
Zone D (basal Ludlowville) and corresponding (but with fewer species) 
to the basal Ludlowville faunas of the Schuylkill, the Brodhead Creek, 
and other sections : 
Faunule 27 
Crinoidea, columnals Spirifer granulosus (Conrad) 
Adolfia (Spirifer) audacula (Conrad) 


Bryozoa, indet. 
Liopteria (?) 


Chonetes hemispherica Hall Actinopteria sp. 
Camarotoechia congregata (Conrad) Modiomorpha sp. 
Tropidoleptus carinatus (Conrad) Cypericardinia sp. 


If the first interpretation be correct, this faunule is well down in the 
Skaneateles rather than in the basal Ludlowville. Conversely, if basal 
Ludlowville, the appearance of so large a percentage of pelecypods agrees 
with conditions to the east, notably along the Schuylkill. Near the middle 
of this formation, if this is basal Ludlowville, an overhanging cliff of sand- 
stone at Half Falls Mountain on the Juniata carries another faunule, as 


follows: 

Faunule 28 
Chonetes lepidus Hall P. emarginata (Conrad) 
Adolfia (Spirifer) audacula (Conrad) Grammysia arcuata (Conrad) 


Newberria claypolii Hall 
Pleurotomaria (Bembezia) 


Palaeoneilo constricta (Conrad) sulcomarginata (Conrad) 
Plant stem 


This faunule suggests Cleland’s Zone I, although Newberria claypolii 
is, elsewhere in Perry County, known only from the Skaneateles. Of 
undoubted Ludlowville age, however, is the following faunule found in 
dark shales on Board Run, north of Half Falls Mountain. By either 
interpretation, this is the top of the formation. 


Faunule 29 


Crinoidea, columnals Grammysia arcuata (Conrad) 
Nucula bellistriata (Conrad) 
Bryozoa, indet. Nuculites oblongatus Conrad 
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Leptodesma rogersi Hall 


Orbiculoidea, sp. Pterinopecten undosus Hall 
Chonetes coronatus (Conrad) Modiomorpha concentrica (Conrad) 
C. scitulus Hall 

C. ef. vicinus (Castelnau) Pleurotomaria (Bembezia) cf. 

C. lepidus Hall sulcomarginata Conrad 
Productella dumosum Hall P. (Gyroma) capillaria Conrad 
Rhipidomella leucosia Hall Bellerophon (Bucanopsis) leda Hall 
R. vanuxemi Hall Tentaculites bellulus Hall 
Tropidoleptus carinatus (Conrad) 

Spirifer mucronatus (Conrad) Orthoceras sp. 

S. angustus Hall Bactrites sp. 

S. sp. 

Adolfia (Spirifer) audacula (Conrad) Homalonotus dekayi (Green) 


Phacops cf. rana (Green) 
Dalmanites boothi (Green) 
Orthonota undulata Conrad 


Except for assigning this fauna with its large specimens of T'ropido- 
leptus to the Deep Run shale member, the Ludlowville is not subdivided. 

The Skaneateles formation of Perry County is close to 700 feet thick, 
if the Ludlowville-Skaneateles contact be placed at the base of the zone 
of Faunule 27. It is nearly all coarse sandstone. The fauna is less char- 
acteristic of Cleland’s Zone C than of his Zone D, a condition previously 
commented upon in connection with the Swatara Creek section. As there, 
practically all the species listed are known to occur, often abundantly, in 
the Skaneateles of the intermediate Rockville section. A complete list of 
known Skaneateles fossils from Perry County is as follows: 


Faunule 30 

Crinoidea, columnals Cyrtina hamiltonensis Hall 
Spirifer granulosus (Conrad) 

Stropheodonta sp. Adolfia (Spirifer) audacula (Conrad) 
Chonetes lepidus Hall 
C. ef. coronatus (Conrad) Cyrtolites (?) 
C. mucronatus Hall Tentaculites bellulus Hall 
Rhipidomella vanuxemi Hall T.. sp. 
Camarotoechia congregata (Conrad) 
C. sp. Orthoceras sp. 


Tropidoleptus carinatus (Conrad) 
Ostracoda, undet. 


In this faunule, forms not recognized east of the Susquehanna are the 


examples of Tentaculites. As usual, Adolfia (Spirifer) audacula is a 
common fossil, though not confined to the Skaneateles. The writers were 
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unable to distinguish the Delphi, the Berwyn, or the Colgate members 
among the thick sandstone beds. The Mottville shale member is uniden- 
tified, unless certain finer beds beneath the Skaneateles sandstones south 
of Little Mountain be so assigned. The Rockville member is recognized 
with characteristic fossils near New Bloomfield. 

The Marcellus formation has an average thickness. of 73 feet. It is 
black, gray-weathering, fissile shale, with an iron-ore bed of varying thick- 
ness at the base in Perry County (a feature not encountered east of there). 
Fine buff sandstone bands come in toward the top. The formation is 
particularly barren and is assigned in toto to the Chittenango member. 


SUMMARY AND CONCLUSIONS 


The authors have followed the Hamilton group from northern New 
Jersey to central Pennsylvania. Its four formations—Moscow, Ludlow- 
ville, Skaneateles, and Marcellus—can be recognized throughout except in 
New Jersey, where only the lower part of the group is identified, and in 
Perry County, where abnormal sedimentation tends to obscure boundaries. 
Certain subdivisions are recognized. The Marcellus in the east is Cardiff. 
Westward, the Chittenango member appears below the Cardiff, until 
finally the westernmost Marcellus belongs to the Chittenango. The 
Skaneateles formation is sometimes separable into the Delphi and the 
Berwyn members on the basis of a Vitu/ina zone at the base of the latter. 
Only in the Lehigh Valley is the Mottville certainly identified. Like- 
wise, no Colgate was found except, doubtfully, on the Susquehanna. The 
Rockville member of the lower Skaneateles occurs ‘n at least three sec- 
tions. The Ludlowville formation is undifferentiated except for the Deep 
Run member in Perry County and the coral “reef” zone or its equivalent 
fauna, usually succeeded by a band of storm rollers, east of that county. 
The Moscow is not subdivided. Vitwlina is present, usually throughout, 
and sometimes accompanied by Spirtfer tullius. Table 2 sums up the 
Ilamilton group for eastern Pennsylvania (compare with Table 1, New 


York, p. 760). 


TaBLe 2.—Hamilton Group of Eastern Pennsylvania 


Moscow ForMATION 
Windom member: Clayey shale and fine sandstone, dark-gray to buff or 
olive; usually very fossiliferous. Vitulina common, with or without 


Spirifer tullius. 
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LUDLOWVILLE FoRMATION 
A succession of alternating gray sandstone and shale not subdivided east of 
Perry County. 
Deep Run member: Dark shale, highly fossiliferous, with large specimens of 
Tropidoleptus common; Perry County only. 
Coral ‘reef’? zone: Common at base, usually followed by storm-roller zone. 
Both die out westward, but fauna may survive into Perry County. 


SKANEATELES FORMATION 
- Undifferentiated dark-gray sandstone and shale in east, where fossils are 

searce. 

Colgate member (?): Dark sandstone and shale, highly fossiliferous; on Susque- 
hanna River (Rockville) only. 

Berwyn member: Sandstone, dark-gray, fine to shaly, quite fossiliferous. 
Vitulina at base. 

Delphi member: Dark shale and sandstone; sparingly fossiliferous. 

Rockville member: Light-colored sandstone, hard, fossiliferous; western 
sections only. 

Mottville member: Shale and some sandstone; crinoidal limestone lentil in 
midst on Lehigh River. 


Marce.ivus ForMATION 
Cardiff member: Dark-gray to black finely arenaceous shale, often highly 
fossiliferous; eastern sections only. 
Chittenango member: Dark to black shale, sometimes concretionary, nearly 
barren. 
Union Springs member (?): Black, sooty shale, fossiliferous. 


The base of the Hamilton group is nearly always defined by the presence 
of the underlying Onondaga limestone or shale.’7 The top is less clear 
and is often designated on faunal rather than on lithologic data. Although 
the Hamilton faunas lack several common New York forms, there is 
hardly a new species among them, nearly all being known from New York 
or Maryland. Most of the formations thin slightly westward. For the 
Moscow this may be more apparent than real, owing to its ill-defined 
limits in some sections. The Skaneateles and the Ludlowville formations 
vary little except in Perry County, where their division is uncertain. 
The Marcellus (disregarding the New Jersey section) thins surprisingly 
from 880 feet in the east to 73 feet in Perry County. Lithologic change 
amounts chiefly to a slight increase in shale proportions westward, inter- 
rupted by the sudden appearance of the thick “Montebello” sandstone 
in Perry County and adjacent sections. Faunally, the sections exhibit 


17. M. Kindle: The Onondaga fauna of the Allegheny region. U. S. Geol. Survey 
Bull. 508, 1912, pp. 23-34. The present authors have found several Onondaga localities 
in addition to those listed from Pennsylvania by Dr. Kindle. 
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Don = Onondaga limestone 
D.R.= Deep Run member 
Mv.=Mottville member 
Rv.= Rockville member 
S.R.2 Storm roller horizon 


S = Silurian, undifferentiated 
V.p.:Vitulina pustulosa zone 


FicurE 2,—Correlation Chart for the Hamilton of eastern Pennsylvania 


Pond Mr. 


BULL. Geo. Soc. AM., Vou. 44, 1933 


LI 


781 
25 J Il) Perry County 
3 Hf ys 
3 3 
. 
| 
I 
\ | 
\\\ \ | 
\\ 
5 § 
\\ \ | 
\\| 
o Wyse | 
a /= 
j / / | | 
| / ffi 1 
| / | 
Ss | / / | 
| 
| 
| 
/ | 
// 
/ 
a \ |> 1 
\ 
| 
| 
| 
| 
| 
L~, | Green j 
‘or 
a 2 Olu 
= 
= ba © 
a 9 = 
q 
m 


782 B. WILLARD AND A, B. CLEAVES—HAMILTON GROUP 


little difference, with two exceptions. The Skaneateles of the three west- 
ern sections carries a fauna nearly as suggestive of lower Ludlowville as 
of typical Skaneateles. In New Jersey the Marcellus is occupied by a 
Hamilton faunal facies. 

The four Hamilton formations, except for local irregularities, preserve 
their identity across eastern Pennsylvania. A surprisingly close agree- 
ment is found between our data and those presented by Cooper ?® for east- 
ern New York. To the authors, it is a source of no little satisfaction to 
find results agreeing so closely with those of an independent worker in 
an adjacent, similar region. It is anticipated that cooperative investiga- 
tions may eventually be carried out in the region between the Delaware 
and the Hudson Valleys for the purpose of closer correlation between the 
New York and the Pennsylvania Hamilton groups. It remains, further, 
to follow the Hamilton group westward through central Pennsylvania and 
thence south into Maryland, whence perhaps other investigators may carry 
these studies into more remote areas. 


18 G. A. Cooper: Stratigraphy of the Hamilton group of eastern New York. (Abstract) 
Bull. Geol. Soc. Am., vol. 44, 1933, p. 200. 
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TERRACES AND COULEES ALONG THE COLUMBIA RIVER 
NEAR LAKE CHELAN, WASHINGTON ! 


BY AARON CLEMENT WATERS 
(Read before the Cordilleran Section, April 8, 1982) 
CONTENTS 
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Geologic setting of the district 
Glacial features of the Waterville Plateau 
Terminal moraine 
Basalt erratics or “haystack rocks”’ 
Glacial features west of the Waterville Plateau 
Preliminary statement 
High terraces 
Distribution 
Nature of terrace material 
Local nature of the high terraces 
Terrace margins and tops 
Spillways controlling the terraces 
Small ridge notches 
Alta Coulee 


Invasion of the Lake Chelan basin by the Okanogan lobe 
Knapp and Navarre coulees 

The “Great Terrace” of the Columbia 

Kettles on the “Great Terrace’ 

Icejam in Alta Coulee 


INTRODUCTION 


Near the close of the last century the region around the mouth of Lake 
Chelan was visited by several of the early reconnaissance parties.? Some- 


1 Manuscript received by the Secretary of the Society, December 5, 1932. 

2 Bailey Willis: Changes in river courses in Washington Territory due to Glaciation. 
U. S. Geol. Survey Bull. 40, 1887. 

I. C. Russell: A geological reconn*issance in central Washington. U. S. Geol. Survey 
Bull. 108, 1893; A preliminary paper on the geology of the Cascade Mountains in north- 
ern Washington. U. 8S. Geol. Survey, Ann. Rept. 20, 1898-1899, pp. 89-210. 

W. L. Dawson: Glacial phenomena in Okanogan County, Washington. Am. Geologist, 
vol, 22, 1898, pp. 203-217. 

G. O. Smith and F. C. Calkins: A geological reconnaissance across the Cascade Range 
near the Forty-ninth Parallel. U. S. Geol. Survey Bull. 235, 1904. 
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what diverse interpretations of the glacial features, particularly of the 
broad terrace that hangs 600 feet above the Columbia, were proposed and 
the region became the subject of considerable controversy.* It was the 
writer’s good fortune to spend most of the summer of 1931 in a portion of 
the Columbia Valley where the physiographic features associated with the 
advance and recession of the last ice sheet are well displayed. Although 
the investigation was primarily of petrologic character, it is believed that 
sufficient data regarding the glaciation of the district were gathered to be 
worthy of record, and that the observations here presented will be of assist- 
ance in evaluating some of the controversial interpretations. 

Eliot Blackwelder has kindly read and offered suggestions regarding the 
manuscript, and the writer has also had the benefit of a brief visit from 
Professor Blackwelder and from Bailey Willis in the field. 


GEOLOGIC SETTING OF THE DISTRICT 


From its junction with the Spokane River in northeastern Washington, 
the Columbia River flows westward to its confluence with the Okanogan, 
and then swings southward in a broad curve that brings it past the city 
of Wenatchee.’ Throughout this part of its course the river flows in a 
deep canyon, which forms a natural boundary between two sharply con- 
trasted geologic provinces.* To the south and east, enclosed in the great 
curve of the river, lies the nearly level surface of the Waterville Plateau, 
a part of the vast, basalt-floored Columbia Plateau. West of the river, bold 
ridges and serrate peaks carved from resistant metamorphic and plutonic 
rocks initiate the rough alpine topography of the northern part of the 
Cascade Range. The relief in this district varies between 3000 and 6000 
feet. Lake Chelan, a narrow body of water over 50 miles long but averag- 
ing less than one and one-half miles in width, lies in a magnificent glaci- 
ated canyon transecting these rugged mountains. The outlet of the lake is 
only a few miles west of the Columbia River. North of the Columbia lie 
the Okanogan Highlands, a maturely dissected upland underlain by pre- 
Tertiary crystalline rocks similar to those of the northern Cascades. 


3 W. L. Dawson: Op. cit. 

I. C. Russell: The Great Terrace of the Columbia and other topographic features in the 
neighborhood of Lake Chelan, Washington. Am. Geologist, vol. 22, 1898, pp. 362-369; 
A preliminary paper on the geology of the Cascade Mountains in northern Washington. 
U. S. Geol. Survey, Ann. Rept. 20, 1898-1899, pp. 150-204. 

G. O. Smith and F. C. Calkins: Op. cit., pp. 35-43. 

4G. O. Smith and F. C. Calkins: Op. cit. 

A. C. Waters: A petrologic and structural study of the Swakane Gneiss, Entiat 
Mountains, Washington. Jour. Geol., vol. 40, 1932, pp. 604-634, 
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Into these sharply contrasting but contiguous provinces—the one a flat 
pleateau; the other, a maturely dissected, rugged mountain mass—ad- 
vanced the Wisconsin *® ice sheet. The topographic modifications that it 
produced in each province are striking and distinctive but are as markedly 
different and distinct as are the provinces themselves. 


GLACIAL FEATURES ON THE WATERVILLE PLATEAU 
TERMINAL MORAINE 


West of Grand Coulee the basalt underlying the southern part of the 
Waterville Plateau is covered by a thick mantle of aeolian soil which 
permits ayheat farming. On the other hand, the northern half of the 
district: is'a broad expanse of rocky waste, most of which either still 
preserves its primeval sagebrush covering or is spotted with abandoned, 
weed-covered farms. 

Separating these agriculturally different areas lies the terminal moraine 
of the Okanogan lobe of the last ice sheet. This lobe pushed south across 
the Columbia River, scooping the plateau free of its mantle of loess and 
piling up a huge moraine that forms an easily traceable line of hummocky 
hills. A few miles northwest of Coulee City the moraine disappears along 
the wal!s of Grand Coulee. From this point it loops southwestward to 
the vicinity of Baird and then trends northwest, terminating on the walls 
of the Columbia canyon in the headwaters of Corrals Creek (figure 1). A 
separate tongue from this lobe extended farther down the Columbia can- 
yon, terminating a short distance south of Chelan Falls, and sending a 
lateral branch up Chelan Valley. Similar relations are found where the 
moraine crosses Moses Coulee, a dry river canyon carved by pre-Wisconsin 
glacial melt water.* A few miles from Jamieson Lake the vertical bluffs 
of basalt forming the eastern wall of the coulee are buried and masked 
beneath the terminal moraine. A narrow tongue of ice advanced about a 
mile farther down the coulee and there built a moraine on the coulee floor. 

Throughout most of its course the moraine varies from 50 to 100 feet 
in height, but in the vicinity of Withrow it is much higher. Behind the 
moraine discontinuous, faintly developed, recessional moraines are loca!ly 
seen. Glaciofluvial deposits are rare, both as outwash and as deposits 


5In this paper, following the usage of Bretz, the term Wisconsin is used to signify 
the last ice invasion of the district. So far as the writer is aware, definite correlations 
with the Middle West have not yet been made. 

6J Harlen Bretz: The channeled scablands of the Columbia Plateau. Jour. Geol., vol. 
31, 1923, pp. 617-649; The channeled scabland of eastern Washington. Geog. Rev., vol. 
18, 1928, pp. 446-477. 
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Figure 2.—Basalt Erratic 
“Haystack Rock” on the surface of the Waterville Plateau near Coulee City. Photo- 
graph by O. P. Jenkins. 


Figure 3.—Group of Haystack Rocks on the Terminal Moraine near Corrals Canyon 


The automobile beside the rock in the foreground gives the scale. Photograph 
by Eliot Blackwelder. 
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behind the moraine.*?. The almost complete absence of an outwash apron 
is one of the most striking characteristics of the plateau region 


BASALT ERRATICS OR “HAYSTACK ROCKS” 


The moraine on the Waterville plateau is rendered especially conspicu- 
ous because its surface is studded with enormous erratic boulders, many of 
which are larger than an ordinary dwelling (figures 2 and3). They occur 
by the thousands. Many of the boulders approximate a roughly rectan- 
gular or a nearly equidimensional shape, and from their rather striking 
resemblance to the stocks of wheat hay and straw erected by the farmers, 
they are locally called “Haystack Rocks.” The “Haystack Rocks” are in- 
variably composed of basalt. Granite, gneiss, and many other rocks occur 
in the glacial débris but never form enormous 60-foot erratics. Between 
Grand Coulee and the Okanogan the Columbia flows westward almost at 
right angles to the direction of ice movement (figure 1). The ice rode 
across the canyon and, in passing up the steep, southern wall, quarried 
under the horizontal flows of lava exposed in steplike cliffs along the side 
of the gorge, lifted great fragments of these flows bodily loose from their 
basement, and strewed them over the landscape. 


GLACIAL FEATURES WEST OF THE WATERVILLE PLATEAU 
PRELIMINARY STATEMENT 


In the rough mountainous district west of the Columbia the advancing 
Wisconsin ice buried peaks and ridges that now rise 4000 feet above the 
river, but the main ice sheet did not pass over the summits of the Methow 
Mountains. Farther west, valley glaciers descended from the high Cas- 
cades. In the region overrun by the continental ice the most conspicuous 
evidence of glacial occupancy is the presence of suites of terraces that 
hang from the sides of the major valleys and completely block the minor 
tributaries. These terraces are commonly connected with flat-bottomed 
coulees or with narrow notches that cross spurs between adjacent valleys. 
In marked contrast to the plateau area there is a striking absence of 
morainal material of any kind, the deposits found in the mountainous 
district being composed almost entirely of stratified glacial drift. 


HIGH TERRACES 


Distribution Between the mouths of the Wenatchee and the Oka- 
nogan rivers the Columbia is incised in a steep-walled canyon which 
varies from 2000 to 4000 feet in depth. It is joined by no major stream 


70. W. Freeman has recently called the writer’s attention to the presence of a rather 
extensive group of kame-like deposits behind the moraine east of the town of Mansfield. 
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from the east, but its eastern wall is sculptured by numerous small canyons 
that head 6 to 12 miles back on the plateau. On the western side, also, 
the canyon walls of the main stream are, for the most part, breached by 
rather small, insignificant tributaries, but Swakane Creek, Entiat River, 
Chelan River, and Methow River have extensive valleys (figure 1). A 
striking change in the character of these tributaries of the Columbia is 
noticeable in the vicinity of Chelan Butte. Down the Columbia from this 
point the walls of the tributary valleys are free and unencumbered save 
in their lowermost parts (figure +). Upstream they are choked through- 
out their entire length by dozens of terraces, which convert each tributary 


Ficure 4.—Terraces along the Columbia River south of Chelan Butte 
Note that only the lower parts of the tributary canyons are blocked by terraces. 
the ice tongue in the Columbia terminated approximately at the right margin of the 
picture and was less than 1000 feet thick throughout the length of the view. 


valley into a gigantic stairway, the flat tops and steep margins of the ter- 
races forming the steps and risers, and the rocky ridges of the interstream 
divides furnishing the balustrades (figure 5). The higher terraces are 
almost invariably confined to a single canyon. Some of the lower ones may 
extend around a spur and coalesce with terraces in a neighboring tributary, 
but, with the exception of an extensive compound terrace that lies at an 
elevation of approximately 1250 feet above tide and that is known in the 
literature as the “Great Terrace of the Columbia,” * none of them is very 


extensive outside its own valley. 


8]. C. Russell: A geological reconnaissance in central Washington. U. S. Geol. Survey 


Bull. 108, 1893. 


Spe 


+ 


789 


AU 


GLACIAL FEATURES WEST OF THE WATERVILLE PLAT 


Figure 5.—Terraces in the West Fork of Union Canyon 
Two spillways constituting the outlets through which the lakes in which the terraces were built drained into the Chelan Basin 


are shown. The higher one controlled the highest terrace in the canyon; the lower one controlled the terrace upon which the 
orchard is located, Lake Chelan in the background. 
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Nature of terrace material—Excavations in the terrace fronts and 
tops reveal that they are composed of gravel, sand, silt, and clay, all 
of which are well stratified. Gravel and sand predominate. Several 
factors indicate that deposition took place largely in ponded bodies of 
water. The finer-grained materials are invariably bedded horizontally 
and show the paper-thin lamination characteristic of lacustrine deposits. 
The gravels are crossbedded in deltaic fashion, and delta foresets are locally 
seen, extending for more than 100 feet along the dip. At many places 
the foresets dip up or else directly across the tributary valley, indicating 
that the delta was built by a stream flowing in the opposite direction or 
else at right angles to the present drainage. The majority of the terraces 
have horizontal tops, indicating that they were controlled by a lake surface, 
but a few terraces have sloping or irregular tops. 

The terrace material is obviously foreign to the valley in which it is now 
found. In Corrals Canyon the highest terrace is built against basalt walls, 
and Corrals Creek heads on the plateau where basalt and limy concretions 
in the loessial soil are the only coarse débris that can be obtained. Never- 
theless, the boulders within this terrace are composed largely of grano- 
diorite and associated plutonic rocks similar to those of the Chelan batho- 
lith, and there is only a very minor amount of basalt and limy concretion- 
ary maftrial. Similarly, in Indian Dan Canyon, which drains only the 
Chelan granodiorite and its associated recrystallized roof rocks, boulders 
of basalt (figure 12) quartzite, and other rocks are found which could not 
have had their source in this valley. 

The terrace material is clearly of glacial origin. Some of the boulders 
are faceted, and specimens may be found that preserve glacial striae. Most 
of the material has been partially rounded by transportation in glacial 
streams. Under the microscope, the fine silt grains show the ragged, 
irregular boundaries characteristic of glacial material, and they are 
of markedly unweathered character. Fresh feldspar is the most abundant 
constituent, and much undecomposed ferromagnesian material is also 
present. 

Local nature of the high terraces.—The field relations of the terraces 
indicate that they were built in lakes whose valleyward margins were 
dammed by ice that still occupied the Columbia Valley.® Gradual melting 


® Although the so-called “Great Terrace” of the Columbia has been described in a num- 
ber of reports, the smaller and higher terraces that block the upper reaches of the tribu- 
taries of the Columbia have been neglected in the literature. Smith and Calkins (U. S. 
Geol. Survey Bull. 235, 1904, pp. 38, 39) emphasize their importance and correctly state 
that the terraces in Washington-Antwine Creek (called Peters Creek in their report) are 
“in the nature of a delta deposit laid down in a tributary canyon dammed by the Okano- 
gan glacier.” Willis (U. S. Geol. Survey, Prof. Pap. 19, 1903, p. 59) also advanced this 
explanation for the high terraces on the north shore of Lake Chelan. 
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of the ice barrier caused the lakes to drop to successively lower and lower 
levels. Melt water, running marginally along the tongue of ice, filled these 
successive lakes with débris, which was left as terraces blocking the valleys 
upon complete withdrawal of the ice. Such a local control of lake levels 
through damming of the tributary valleys by ice explains the fact that the 
terraces in the different valleys occur at varying elevations. If we assume 
that the terraces were formed by some process of alluviation that filled the 
Columbia Valley with gravel from side to side and that later re-excavation 
of this fill has occurred, the terraces in the various tributary valleys, and 
particularly the topmost terrace, should lie at the same level in all valleys 
or else should change in level in a regular, orderly fashion. There is, 
however, no correlation of the terrace levels in adjacent valleys. Measure- 


TABLE I 
Canyon Elevations at which terraces occur (feet) 
Ce 1255, 1405, 1705. 
co. en rer 1130, 1210, 1400, 1690, 1830, 1950, 2210, 2270, 2350. 
reece: 1415, 1660, 1795, 1875, 1915, 2125. 
Washington-Antwine. = 1260, 1340, 1540, 1690, 1790, 2005, 2100, 2220, 2300, 
0, 2620. 
il ae 1250, 1435, 1575, 1705, 1810, 1985, 2090, 2125, 2425. 
Indian Dan......... 1295, 1405, 1555, 1655, 1775, 1895, 2170, 2405, 2485. 
ae ee 955, 1105, 1325, 1455, 1695, 1845, 2025, 2235, 2590, 2720. 


ments of the elevation of the terrace tops, in all the valleys tributary to 
the Columbia between Knapp Coulee and the mouth of the Okanogan, are 
compiled for examination in Table I. The striking independence of the 
various tributaries with respect to the levels at which terraces are developed 
is brought out by the table. The elevations of terraces in the two forks of 
a single valley rarely coincide. In the upper part of Swamp Creek valley, 
terraces occur at elevations greater than the surface of the plateau on the 
east side of the Columbia. 

Terrace margins and tops.—Many of the terraces show, by the peculiar 
character of their fronts and tops, that they were built against ice. In the 
majority of cases it appears that the ice was in motion, but terrace fronts 
are found that seem to have been built against ice that was practically 
stagnant. Terraces with river-carved margins are found locally, but these 
have developed through lateral planation of ice-built fronts after melting 
had exposed the edge of the terrace to the river’s attack. 
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The terrace margins that were built against moving masses of ice com- 
monly cross the tributary valley in a straight line or are slightly convex 
upstream. The terrace top may end against a lateral moraine composed 
of glacial till and dotted with large erratic boulders. In places, as along 
the margins of the higher terraces in the East Fork of Union Valley, this 
morainal accumulation rises above the top of the terrace (figure 6), but 
more frequently it lies partially or wholly buried by the glacio-lacustrine 
material deposited in the adjacent lake. In the latter case, excavations in 
the terrace front reveal an indiscriminate jumble of till and stratified 


Figure 6.—Looking cast across two Terraces in the East Fork of Union Valley 


M-M indicates a lateral moraine covered with erratic blocks which forms the margin 
of the upper terrace. After this terrace was built the ice withdrew to a lower level, 
building the lower moraine M’-M’, and furnishing a dam to hold the lake water in 
which the lower terrace was built. The ridge noteh (S P) through which the*debris- 
laden water entered these lakes from the Columbia Valley is also shown. This spill- 
way continued to function after the two terraces were completed as can be seen by 
the fact that it has been lowered below the level of the lower terrace. 


drift. Locally the stratified drift at the terrace margin is much contorted, 
having been pushed backward and broken by advance of the ice. Along 
the margin of the terrace at an elevation of 1660 feet in Union Valley, the 
stratified drift has been thrust bodily backward up the tributary by the 
advancing ice until it has been piled along the margin of the terrace in a 
high ridge which resembles a lateral moraine (figure 8) but differs from 
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the more common type of moraine in being composed almost entirely of 
contorted and disrupted stratified drift instead of till. 

An excellent example of a terrace built against moving ice is found at an 
elevation of 1795 feet on the south shore of Lake Chelan, just above 
Lakeside. The terrace front is straight and regular on a large scale but 
is hummocky and irregular in detail. It is composed of till and is the 
lateral moraine of an ice tongue, to be described subsequently, which ad- 


Figure 7.—Margin of the 1660 Terrace in Union Valley (foreground) 


Shows an ice contact slope and a crevasse filling (CF). Note the bvulder littered 
margin of the terrace. 


vanced from the Columbia Valley up Lake Chelan. In the re-entrant 
formed by the canyon that mouths at Lakeside a lakelet developed behind 
this combined moraine-ice dam, which was then filled with a deposit of 
stratified drift. Numerous erratic boulders perch on the top of the lateral 
moraine, and just above Lakeside there is one of the “Haystack Rock” va- 
riety, which weighs many tons. Terraces of similar nature are found in 
Indian Dan Canyon, in the valley of the Methow, on the north side of 
Antwine Creek, and at several other localities. In most of these, however, 
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the lateral moraine is largely or completely covered, and near the top of 
the terrace, glacio-fluvial material was deposited directly against the 
surface of the ice. 

A small number of terraces have frontal margins that appear to have 
been built in contact with stagnant, rotten, highly fissured ice masses. 
These terraces have highly crenulated margins, although the terrace 
front, on a large scale, may pursue a fairly straight course across the 
valley. From the terrace front, striking fingerlike masses of stratified drift 
extend out, terminating in the open valley beyond. The terraces also com- 
monly show pitted tops, and near their outer margins there may be a 
veritable maze of kettles. The edges of the kettles, as well as the margins 
of the terraces, are littered with erratic blocks that sloughed off the melt- 
ing ice against which the glacio-lacustrine deposits were built (figure 7). 
Apparently, at the time these terraces were formed, the lake water was 
dammed by a highly fissured, débris-laden, rotten mass of stagnant ice, 
against whose front the stratified deposits came to rest. Material washed 
into the long, narrow fissures formed the fingerlike crevasse fillings,’’ 
and isolated blocks of ice, detached from the main mass by differential 
melting, were surrounded or, in some cases, completely buried by sediment 
washed into the lakes, and, upon melting, left characteristic kettles. 

The stagnant condition of the ice responsible for the building of these 
features appears to have been entirely local. There is no evidence that the 
entire ice sheet stagnated at this locality, although recent work by the 
writer in the Okanogan Highlands, to the north, shows that widespread 
stagnation of the Wisconsin ice occurred in the more mountainous parts of 
the region during the period of deglaciation. In the Chelan region the 
evidence indicates that, at some localities, change from activity to stagna- 
tion, or vice versa, has occurred during the building of a single terrace. 
For example, in Union Valley the terrace at an elevation of 1660 feet is 
dammed by a lateral moraine at one point, and a stream excavation in the 
front of the terrace shows that the lacustrine sands and gravels along the 
terrace margin were disrupted, broken, and pushed inward by the thrust 
of the ice. On the west side of the valley, near the spillway that controlled 
the terrace, an additional terrace fill has been built beyond the zone of lat- 
eral moraine and disrupted strata. This newer fill is pocked with kettles 
and ends in a highly irregular ice contact slope (figure 8). Clearly, the 
main part of the terrace was built against active ice, but in the last stages 
of lake-filling a condition of stagnation ensued which persisted until the 


10R,. F. Flint: Eskers and crevasse fillings. Am. Jour. Sci. (5), vol. 15, 1928, pp. 
410-416. 
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lake was drained. Change from activity to stagnation and vice versa has 
actually been observed in modern Alaska glaciers.’ 


SPILLWAYS CONTROLLING THE TERRACES 

The attention of the observer who travels up the Columbia in the 
vicinity of Lake Chelan is attracted by the terraces blocking the tributary 
valleys of the river, because these terraces are so completely out of adjust- 


FiGURE 8.—Margin of the 1660 Terrace in Union Valley 

The hummocky ridge marked m-m-m-m is a moraine composed largely of disrupted 
and contorted stratified drift. After the building of the lateral moraine and the 
terrace behind it, the-ice withdrew a short distance down the valley and became 
practically stagnant, resulting in the building of a narrow kettle-pocked terrace with 
a highly irregular margin. Part of this terrace is shown just to the left of the 
moraine. K indicates a kettle on this new fill, and Sp indicates the ridge notch 
that formed the outlet of the lake. Beyond the spillway notch the surface of Lake 
Chelan is visible, and Chelan Butte forms the high mountain in the left distance. 


ment with the other physiographic forms with which they are associated 
(figures 4, 5, 13, 18, 20). If these terraces should be removed, the long, 
sloping curves of a maturely dissected region would meet the eye on 


1R. S. Tarr: Some phenomena of the glacier margins in the Yakutat Bay Region. 


Alaska. Zeit. fiir Gletscherkunde, vol. 3, 1908-1909, pp. 81-110. 
R. S. Tarr and L. Martin: Alaskan Glacier Studies. National Geographic Society, 


Washington, 1914. 
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every hand, save that in the more alpine regions bold cliffs and rugged 
promontories serve to break the monotony. Deep U-shaped valleys, 
cirques, and other evidences of glacial cutting are entirely absent. The 
ice mass modified the original form of the valley only moderately through 
erosion, the principal effects being to round off and smooth the minor 
irregularities of the sides and the valley floor, without extensive cutting. 
Some of the higher peaks were planed off and lowered by glacial abrasion. 
There is, however, no evidence of extensive valley-deepening, such as oc- - 
curred through the action of the valley glacier that occupied the site of the 


Ficure 9.—Mouth of a Spillway 


Looking northward into the mouth of a spillway east of Knowlton Butte (see map, figure 
10) which formed the outlet of a lake at an elevation of 2850 feet in Swamp Creek. 


present Lake Chelan, and if the terraces were removed, the Columbia 
Valley, above the limit of glaciation, would show only minor differences 
from the valley below the limit of the ice. 

There are, however, certain unique topographic features other than the 
terraces that commonly occur in the area overrun by the ice, but which 
are not commonly encountered in the unglaciated districts. These are the 
narrow, flat-bottomed coulees and the smaller ridge notches, which pass 
across divides separating tributary valleys of the Columbia, and which are 
strikingly out of adjustment with the smooth, uninterrupted ridges that 
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Geographer in charge. 


EM Douglas. 


FiGurE 10.—Southwestern part of the Okanogan Quadrangle, Washington 
Note the large expansions of the “Great Terrace” in Brewster Flat, Poverty Flat, and Paslays Bench. The head of 
Alta Coulee is also shown. Several rock notches, or spillways, are indicated by the symbol (2125) SP. The number in 
parenthesis indicates the elevation of the spillway. Contour interval, 100 feet. 


., VOL. 44, 1933 
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they transect (figure 9). They show evidence of recent formation, for 
their walls are nearly perpendicular, unscalable cliffs at many localities. 
The walls of these coulees and ridge notches are so abrupt and, in many 
cases, are so close together that they resemble great open fissures crossing 
the divides. In fact, the ones at the east end of Chelan Butte near the con- 
fluence of the Chelan and the Columbia were so considered by both 


FIGURE 11.—Ridge Notch on the West Side of Union Valley 


Note how the former saddle has been cliffed and lowered by the glacial water. The 
terrace that the spillway controlled occupies the foreground. 


Russell '* and Dawson,** the part of the ridge lying nearer the Columbia 
being interpreted by them as a fallen landslide mass. A recently con- 
structed tunnel of the Washington Water Power Company passing under 
this notch, however, encountered solid rock all the way. Evidence is here 
presented to show that these, and other notches and coulees in this district, 
were cut by heavily loaded streams of high velocity that flowed marginally 
along the tongue of ice occupying the Columbia Valley. 


122], C. Russell: A geological reconnaisance in central Washington. U. 8. Geol. Survey 
Bull. 108, 1893, p. 80. 

13 W. L. Dawson : Glacial phenomena in Okanogan County, Washington. Am. Geologist, 
vol. 22, 1898, pp. 203-217. 
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SMALL RIDGE NOTCHES 


The short notches transecting divides are well exemplified by a number 
of trenches that cross the ridge between Swamp Creek and Indian Dan 
Canyon (figure 9) and by others that cross the divide between Indian 
Dan Canyon and Watson Draw. These notches are shown on the Okanogan 
topographic sheet, a part of which is reproduced in Figure 10, but the 100- 
foot contour interval masks the precipitousness of their sides and makes 
them appear far more like normal stream valleys than they really are. 


Ficure 12.—Ridge Notch (Sp) on the Divide between Indian Dan Canyon and 
Watson Draw 


The terrace that the notch controlled in Indian Dan Canyon lies in the fore- . 
ground. The area between the terrace margin and the spillway was blocked by ice 
at the time the terrace was deposited. The position of the ice margin is clearly 
outlined by the mass of debris containing many erratic blocks along the line m-m-m. 
An older shoreline, marking an earlier stand of the lake before the spillway was cut 
to its present level, is faintly shown above m-m-m. The letters H-H indicate two, 
large, basaltic erratics brought in by the ice. Elevation, 2125 feet (see map, figure 1). 


That these notches were spillways serving as outlets of the various lakes 
in which the terraces were built is shown by the fact that the upstream 
end of a notch almost invariably ends in a broad terrace which occupies 
the valley above (figure 11). In some cases, however, the upstream end 
of a ridge notch does not emerge on a terrace top, but hangs high above 
the valley floor. In these examples, a terrace lying at accordant elevation 
is almost invariably found farther upstream in the valley that the notch 
heads in. In some cases, as in the spillway illustrated in Figure 12, a line 
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of erratic boulders marks the side of the tributary valley from the front 
of the terrace to the spillway, showing that the terrace was built against 
an ice mass that extended farther up the tributary valley than the site 
of the spillway, and that the drainage from the lake entered the spillway 
by means of channels across the surface of the ice, or through englacial 
and subglacial tubes. 

A notable feature of the notches and coulees is that they cross divides, 
usually following the site of a previous saddle. Lateral notches that 
head and mouth within the same valley are found but are rare, and no ex- 
amples were seen of curving trenches contouring the end of a spur, such 
as Rich ** noted in analagous positions in the Finger Lake district. 

In most notches, downcutting has not deepened the original saddle more 
than 50 or 60 feet although in a few (for example, the notch crossing the 
Indian Dan-Swamp Creek divide east of Bald Knob) the floor of the 
notch has been cut more than 200 feet below the surface of the original 
divide. Large notches of this character are transitional into the “coulees” 
which are characteristic of the district. Some of the coulees are miles in 
length and have been eroded to depths of several hundred feet, necessitat- 
ing the removal of vast quantities of rock. 


ALTA COULEE 


Alta Coulee,!® which pursues a course parallel with the Columbia, across 
a divide that separates the Methow River from Antwine Creek, is typical 
of these large coulees. It is a narrow slot, five miles in length, varying 
from a little over 100 yards to half a mile in width and walled through- 
out almost its entire length by precipitous, unscalable sides. Its head 
opens upon the Methow Valley in an immense gravel fill, locally called 
Poverty Flat, which chokes the lower part of the Methow River and the 
adjacent part of the Columbia Valley, forming one of the largest un- 
dissected units of the so-called “Great Terrace” of the Columbia (figures 
13 and 15). From the debouchure of the coulee in Antwine Creek a deep 
channel, cut through the terraces that fill this part of Antwine Valley, 


“J. L. Rich: Marginal glacial drainage features in the Finger Lake Region. Jour. 
Geol., vol. 16, 1908, pp. 527-548. 

15In Russell's and in Dawson's reports Alta Coulee is called Antwine Coulee, but local 
usage and the U. S. Forest Service restrict the name Antwine Coulee to another coulee 
to the south which connects the lower part of the Washington-Antwine Creek drainage 
system with the Columbia River valley at a point a few miles north of the mouth of Chelan 
River (see map, figure 1). In some of the early reports Antwine Creek is called Peters 
Creek, but this name does not appear upon modern maps, and is not used by the inhabi- 


tants of the district. 
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Ficure 13.—Head of Alta Coulee 
Looking south, Methow River in the foreground. The large, flat-topped terrace 
across the Methow is the Poverty Flat expansion of the “Great Terrace” of the Co- 
lumbia (see map, figure 1). 


FiGurE 14.—Northern End of Alta Coulee 


Note how the coulee is cut across the sloping surface of Goat Mountain. View looking 
north. 
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leads away in a southeasterly direction until it disappears upon the surface 
of a lower terrace near the head of Antwine Coulee. 

Alta Coulee may be divided into three sections. Near its head in the 
Alta Lake region it is cut straight across the smooth, uniform eastern slope 
of Goat Mountain. In this part of its course the coulee has an anomalous 
position, as it is built on the side of the mountain and. extends at right 
angles to the drainage that courses down the mountain slope (figures 14, 
15, and 10). A number of gullies on the mountain side have been beheaded 
by the coulee, and drainage from the mountain slopes west of the coulee 
now finds its way down to the coulee floor by high waterfalls, at the bases 
of which alluvial fans have been built. These extend completely across 
the coulee, segmenting it into a series of undrained depressions, one of 
which is occupied by Alta Lake. The coulee slot is deep and narrow. 

Immediately south of this portion lies the deepest and most precipitous 
part of the coulee. Prior to the cutting of the coulee, a long spur ex- 
tended southeastward from the southern end of Goat Mountain and 
terminated on the banks of the Columbia, north of Azwell. About two 
and one-half miles south of Alta Lake this spur was crossed by a saddle 
which, however, was not much lower than the broad top of the spur. 
Several drainage lines headed at or near the saddle. The most important 
one was a southward flowing tributary of Antwine Creek. Its site is 
now occupied by the southern end of Alta Coulee. A second gulley 
drained westward into Spray Canyon, and a third, which subdivided 
into two short forks in this vicinity, led the drainage from the southern 
end of Goat Mountain northeastward into the Columbia, along the north 
side of the spur terminating near Azwell. Across this saddle the glacial 
flood poured, beheading the northeastward flowing stream, appropriating 
and deepening the tributary of Antwine Creek, and probably spilling 
over for a short time into the tributary of Spray Canyon. Rapid down- 
cutting of the Antwine tributary caused the abandonment of the Spray 
Canyon spillway before extensive excavation resulted. At the point where 
the saddle formerly existed, Alta Coulee forms a low col, whose cliffed 
walls, over 500 feet high, give a measure of the amount of lowering of the 
former divide (figure 15). Little drainage enters the coulee from the ad- 
jacent mountains along this part of its course, and as a result its walls and 
floor have remained essentially unmodified since the withdrawal of the ice. 
Although throughout most of its course Alta Coulee trends approximately 
north-south, in this central portion it follows a rather tortuous path due 
to the fact that it appropriated the crooked and irregular drainage courses 


that headed at the saddle. 
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The southern part of the coulee is merely the overdeepened former 
tributary of Antwine Creek. Many details of the modification of this 
tributary by the glacial water that carved the coulee are shown in 
Figure 16. 

Dawson ** believed Alta Coulee, as well as Knapp Coulee, Antwine 
Coulee, and the majority of the small ridge notches previously described, to 
be narrow slots cut by lateral ice tongues from the main Okanogan and 
Chelan glaciers. In the case of Alta Coulee, called Antwine Coulee in 
his report, Dawson cites the fact that the coulee floor “is so obstructed by 
local and foreign boulders that its passage is with difficulty effected with 
a horse” as evidence of glacial excavation of the coulee. As will be shown 
in a subsequent section, these deposits are readily explained without the 
necessity of the coulee being occupied by ice. Russell ** offered valid evi- 
dence for rejecting Dawson’s interpretation, and proposed the idea that 
the coulee is a landslide rent.‘* Smith and Calkins ** appear to have been 
the first to ascribe the coulees’ excavation to a marginal glacial stream. 
Their view is adopted in this paper. 

That the coulee has not been cut by a tongue of ice is indicated by the 
following observations: 

1. As previously mentioned the northern end of Alta Coulee cuts di- 
rectly across the eastern slope of Goat Mountain, the trend of the coulee 
being parallel with the strike of the slope (figures 10 and 14). It seems 
quite impossible that an ice stream could intrench itself in this position 
on a steep mountain side. 

2. Although the slopes of Goat Mountain above the brink of Alta 
Coulee show abundant evidence of glacial abrasion, the walls of the coulee 
are lined with jagged, irregular joint blocks of hornfels and granodiorite, 
and show no evidence of glacial smoothing. 

3. A narrow spur, extending out from the west, causes an abrupt diver- 
gence of the coulee around this obstruction at a point about midway in its 
course. An ice tongue occupying the coulee could not have rounded these 
sharp corners without leaving marked evidence of cutting at the bends, 
if, indeed, it could have flowed through such a tortuous passage at all. 

4. A short distance from the debouchure of the coulee in Antwine Creek 
a sharp pinnacle of rock rises abruptly more than 100 feet above the coulee 


1° W. L. Dawson: Op. cit., pp. 203-217. 

17 J, C. Russell: The Great Terrace of the Columbia and other topographic features in 
the neighborhood of Lake Chelan, Washington. Am. Geologist, vol. 22, 1898, pp. 362-369. 

18]. C. Russell: A preliminary paper on the geology of the Cascade Mountains in 
northern Washington. U. 8S. Geol. Survey, Ann. Rept. 20, pt. 2, 1898-1899, pp. 201, 202. 

2G. O. Smith and F. C. Calkins: A geological reconnaissance across the Cascade 
Range near the Forty-ninth Parallel. U. 8. Geol. Survey Bull. 235, 1904, p. 93. 
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floor (figure 16). This pinnacle has been left in the middle of the coulee 
by retreat of twin waterfalls. No explanation of this feature is available if 
we assume that the coulee is an ice-carved chasm; if the pinnacle had 
existed prior to occupation by ice, the ice tongue would have plucked an 
obstruction of this character from its path. 

5. The Washington-Antwine Creek drainage system into which Alta 
Coulee debouches is choked by many flat-topped terraces (figure 17). The 
last drainage through the coulee has cut a deep gash through some of these 


Figure 16.—Mouth of Alta Coulee 


Looking north from the surface of a terrace in Antwine Creek. The rock pinnacle 
that caused the ice jam is clearly visible at the bend in the coulee walls. Note the 
steep scars formed through widening of the walls of the former tributary of Antwine 
Creek by the glacial melt water. 


terraces. This gash follows the former course of Antwine Creek, nearly 
at right angles to Alta Coulee. If an ice tongue emerged in this terrace- 
filled valley, it would expand into a bulblike mass and thrust back the 
loose, unconsolidated terrace fillings instead of turning at right angles and 
cutting through them in a narrow, straight channel. 

Smith and Calkins *° cite good evidence for rejecting Russell’s hypothesis 


20G. O. Smith and F. C. Calkins: Op. cit., p. 93. 
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that Alta Coulee is a landslide fissure. In addition to their evidence, it 
may be mentioned that although the floor of Alta Coulee is covered with 
débris, and consequently the presence or absence of the supposed fissure 
cannot be proven, there occur in this region many ridge notches and 
coulees, attributed by Russell to the same origin, which have bare rock 
floors upon which no trace of the supposed rent can be seen. The landslide 
origin ** of the notches at the northeast end of Chelan Butte has been 
definitely disproved by a tunnel bored beneath them. 

Glacial meltwater appears to be the only agent that could have accom- 
plished the excavation of Alta Coulee. As can be seen by reference to the 
map (figure 1), the northern end of the coulee lies opposite a sharp bend 
in the Columbia River. This would cause the ice tongue advancing down 
the river to pile up against the northern end of Goat Mountain, and the 
thrust of the ice would quickly close any subglacial or englacial tubes that 
opened up in the main ice mass. The development of a vigorous mar- 
ginal stream along the site of Alta Coulee would, therefore, be favored. 
Undoubtedly, a large quantity of water was available for the work, for 
practically the entire drainage from the melting ice sheet west of Grand 
Coulee would have been concentrated along the western margin of the 
Okanogan lobe, thus being available for the cutting of the coulee. In 
addition, all the meltwater from the Methow glacier and other valley 
glaciers in this portion of the Cascades crossed the divide on which Alta 
Coulee is located. At the beginning of the cutting the glacial torrent, highly 
charged with cutting tools from the melting ice, cascaded on a gradient 
of approximately 300 feet per mile. A large part of the total length 
of time of the Wisconsin advance may have been utilized. The ice never 
passed over the summit of Goat Mountain, and therefore the marginal 
streams may have been in operation across the face of the mountain 
throughout the entire time of ice occupancy. It is also possible that a 
part of the coulee cutting was done by meltwater from older ice advances, 
but no visible evidence of this was found. 


ANTWINE COULEE 


Antwine Coulee is similar to Alta Coulee. A narrow, cliff-walled slot, 
locally 400 feet in depth, it forms a striking defile across a lofty spur sepa- 
rating Washington-Antwine Creek from the Columbia River valley in 
the vicinity of the mouth of the Chelan River (figure 17). Both its head 
in Antwine Creek and its mouth on the Columbia lie on the surface of por- 


27. C. Russell: A geological reconnaissance in central Washington. U. S. Geol. 


Survey Bull. 108, 1893, p. 80. 
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tions of the “Great Terrace,” but at the Antwine Creek end the entrance 
of the coulee is choked by a sheet of kettle-pocked stratified drift that 
rises about 150 feet above the level of the “Great Terrace.” 


INVASION OF THE LAKE CHELAN BASIN BY THE OKANOGAN LOBE 


That a tongue from the Okanogan lobe entered and extended up the 
lower end of the Chelan drainage basin seems to have been first noted by 


FiGure 17.—Retouched Photograph of Terraces blocking the Washington-Antwine 
Drainage System 
Washington Creek at ieft, Antwine at right, Columbia River in foreground. The 
ridge in the background rises 4500 feet above the surface of the river. Note the 
kettles on the surface of the lowest terrace at the left. 


Dawson ** who notes the occurrence of an erratic boulder of basalt, weigh- 
ing many tons, on the north shore of the lake. Similar relations were noted 
by Runner.?* “Haystack Rocks” of this nature, whose source cannot pos- 


22W. L. Dawson: Op. cit., p. 214. 
23 J. J. Runner: Origin and history of Lake Chelan. Bull. Geol. Soc. Am., vol. 32, 


1921, pp. 87, 88. 
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sibly lie in the Chelan Basin drainage territory but must be in the basaltic 
plateau to the north and east, were found by the writer at a number of 
places. Perhaps the most significant occurrence is a large, well-jointed 
block of basalt perched on the summit of a lateral moraine, at an elevation 
of 1795 feet, immediately south of the town of Lakeside. This moraine 
can be traced continuously along the northern side of Chelan Butte. It 
contains many basaltic blocks, showing that the moraine was built by ice 
that advanced from the Columbia Valley up Lake Chelan and not by a 
glacier moving down the lake. 


FIGURE 18.—Ridge separating the lower Chelan Basin from the upper Columbia Valley 


Three ridge notches (SP-1, SP-2, SP-3) by which marginal glacial drainage entered 
the lake basin from the Columbia valley are shown. 


Additional evidence of the invasion of Chelan Valley by the Okanogan 
lobe is furnished by the fact that the end of the spur forming the south- 
eastern termination of the Methow Mountains, which separate Lake Chelan 
from the Columbia River above the mouth of the lake, is sharply transected 
by three deep notches (figure 18) that are in all ways similar to the ridge 
spillways previously described. They served to lead marginal drainage 
into the Chelan Basin from the ice mass occupying the Columbia Valley. 
Similar ridge notches transect the divides between the short canyons on 
the north side of lower Lake Chelan, and show by their relation to associated 
terraces that they were cut by water that flowed up the lake. Some terraces 
on the north shore of the lake decline in elevation when traced up the 
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lake, and cuts in the terraces commonly reveal long delta foresets dipping 
up the lake. Part of the fill in the old, abandoned channel * of the Chelan 
River is composed of stratified drift which shows lakeward dipping delta 
foresets. 

How far up the lake the Okanogan ice advanced was not ascertained 
because the writer’s work was confined to the region near the outlet of 
the lake and no opportunity was presented to make a detailed examination 
of the shores beyond the entrance of Knapp Coulee. It is unlikely that 
the ice from the Columbia extended farther than the shallow portion of 
the lake that terminates at Wapato Point. Beyond this point the floor of 
the lake drops abruptly into the narrow trough scoured by the glacier that 
came down the Chelan Valley. The bottom of this trough is locally 
below sea-level. A study of the region in the vicinity of Wapato Point 
would probably reveal whether the tongue from the Okanogan lobe coalesced 
with the Chelan glacier. A vast quantity of meltwater was discharged 
by these two glaciers into the lower part of the Chelan Basin and was 
carried from there into the Columbia by means of the two spillways de- 
scribed below. 


KNAPP AND NAVARRE COULEES 


Transecting the high divide that separates Lake Chelan from the Co- 
lumbia River west of Chelan Butte are two narrow coulees that served as 
spillways to carry the ponded water of the Chelan Basin into the Columbia 
Valley. Of the two, Knapp Coulee is the smaller and more winding. 
Navarre Coulee, locally called Wells Coulee, which lies farther to the 
west (figure 1), has a broad, flat-floored valley, locally a mile wide. Its 
head, near the south shore of Lake Chelan, ends in a great amphitheater 
which was formerly the site of a high waterfall. 

Knapp and Navarre coulees are similar to Alta Coulee in that they 
transect a high divide along the site of a previous saddle. However, the 
walls of Knapp and of Navarre, though steep and abrupt, rarely tower in 
great precipices like the walls of Alta. In each coulee the coulee walls near 
the site of the former divide commonly slope at angles of 20° to 50°. The 
floors of the coulees are heavily choked with alluvial fans that have been 
washed down from the side canyons. All these features indicate that 
Knapp and Navarre coulees are of pre-Wisconsin age, and this hypothesis 
is confirmed by the fact that a small tongue of Wisconsin ice entered the 
upper end of Navarre Coulee for a distance of at least a third of a mile. 
It seems probable that Knapp and Navarre coulees were cut in the same 


24W. L. Dawson: Op. cit., p. 216. 
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manner as Alta and Antwine but by glacial water from an ice sheet, or ice 
sheets, older than the Wisconsin.” 

In the district to the north and west of Wapato Lake, numerous ridge 
notches are found which have gently sloping sides and flat floors mantled 
with Wisconsin drift. They are probably analogous to Knapp and Navarre 
coulees in origin and in age. Although the coulees served as spillways for 
Wisconsin meltwater, this discharge has modified them only slightly. 
Some of the spurs on the side of Knapp coulee have been cliffed to a height 
of about 30 feet by the Wisconsin flood. 

Continued melting lowered the surface of the Wisconsin ice in Chelan 
Rasin until Knapp and Navarre spillways were eventually abandoned and 
meltwater escaped into the Columbia along the margin of the ice tongue 
that still occupied the river valley east of Chelan Butte. In rounding the 
northern and eastern corner of Chelan Butte, the marginal stream cut a 
plexus of channels with precipitous walls. One of these channels is fol- 
lowed by Chelan River for a short distance, the river then tumbling over 
its side into the Columbia Valley. Another wide channel forms a striking 
terrace-like shelf across the eastern end of Chelan Butte, about 600 feet 
above the level of the Columbia, and there are several narrow notches on 
the northeastern corner of the Butte. 


Tue “GREAT TERRACE” OF THE COLUMBIA 


Although the majority of the terraces that hang from the walls of the 
Columbia Canyon are confined within the short tributary valleys, there 
occurs, throughout the region between Chelan Butte and the mouth 
of the Okanogan, an almost continuous sheet of terrace-fill covering a 
wide area. This fill, which at most places lies between 550 and 650 
feet above the river, has notable expansions in certain parts of the 
Columbia Valley, particularly at the mouths of the larger tributary rivers. 
Discontinuous fragments of a terrace are also widespread in the Columbia 
Valley below Chelan Butte but do not occupy such broad areas as in the re- 
gion between the butte and the Okanogan River. To the broad, flat-topped 
remnants of the terrace above Chelan Butte, Russell ** gave the name, 
“Great Terrace of the Columbia,” and he assumed that the terrace repre- 


2 Willis (U. S. Geol. Survey Prof. Pap. 19, 1903, pp. 56-58) and Dawson (Am, 
Geologist, vol. 22, 1898, p. 211) have proposed two other suggestions as to the origin 
of Knapp and Navarre coulees. Willis has recently revisited the area and now agrees 
with the writer’s interpretation. Dawson’s hypothesis has been effectively disproved by 
Russell (Am. Geologist, vol. 22, 1898, pp. 368, 369). 

2%7. CC. Russell: A geological reconnaissance in central Washington. U. S. Geol. 
Survey Bull. 108, 1893. 
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sented a great delta fill, deposited in an enormous lake, called Lake Lewis, 
which is supposed to have filled the Columbia Valley in eastern Washing- 
ton immediately after the recession of the ice. The front of the delta 
was believed to be a short distance downstream from Chelan Butte. 
Dawson," on the other hand, believed the terrace to be a stream terrace 
with a definitely graded upper surface which decreased in elevation when 
traced downstream. 

Much additional testimony can be marshaled in support of each of these 
hypotheses, but the writer holds, with Russell, that most of the fill above 
Chelan Butte is lacustrine. Thus, as Russell states, delta structure is well 
exposed in the terrace south of Chelan Butte, where it has been trenched 
by recent stream gullies. Long delta foresets are also well shown in road- 
cuts in the terrace south of Azwell, on the road between Chelan Station 
and Chelan, on Brewster Flat, and on the road to Indian Dan Canyon, 
as well as at numerous other places. In addition, fine sands and silts, 
showing the remarkable lamination characteristic of lacustrine deposits, 
are seen in the “Great Terrace” near the mouth of Antwine Creek, along 
road-cuts in the margin of Paslays Bench, and in gullies that trench 
the slopes of the terrace on the east side of the Columbia River opposite 
Pateros. 

At several localities, however, and notably near the top of the terrace 
at the northern end of Poverty Flat, cuts reveal the short, irregularly 
dipping crossbeds and the cut-and-fill structure characteristic of fluvia- 
tile deposits. These deposits, though sometimes found at low elevations, 
appear most commonly in the upper parts of the terrace fill. At still 
other points, usually near the junction of the terrace with the valley wall, 
excavations reveal a puzzling assemblage of glacial till, lacustrine silts 
and sands, and stream-bedded gravels Although the field observations 
of both Russell and Dawson are absolutely correct, the accumulation of 
much additional data, not available to these early observers at the time 
when their work was done, indicate that the simple hypothesis of a lake- 
built delta or of a continuous graded stream terrace will not explain all 
the complexities of these deposits. Nor is it necessary to invoke the 
presence of a hypothetical Lake Lewis in the lower Columbia Valley. 

Much of the controversy between Russell and Dawson centered about 
the figures for the height of the “Great Terrace” above the Columbia. 
Russell believed the terrace to lie about 550 to 600 feet above the river. 
Dawson states that its surface is only approximately 300 feet above 
river-level. The writer has determined the elevations at many points on 


27W. L. Dawson: Op. cit. 
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the “Great Terrace” between the mouth of the Okanogan and Chelan 
Butte. Although the writer’s measurements agree, in a general way, 
with those given by Russell, there is considerable difference in elevation 
at different points, and these differences vary in no systematic manner. 
Therefore, the deposit is not a single terrace but a series of terraces 
closely linked together in elevation and origin. The elevation of the 
terrace top, in feet above mean sea-level, is indicated for several different 
localities on the map (figure 1). In this part of its course the surface of 
the Columbia is about 675 feet above tide. 

A discussion of the elevation of this terrace-fill can best be entered 
upon by treating separately the notable enlargements that the terrace 
shows in various parts of the Columbia Canyon. At the mouth of the 
Okanogan a great expansion of the terrace forms Brewster Flat (figure 
10). The surface of Brewster Flat is lightly engraved by old channels and 
pitted by kettles, but between the lower troughs the surface of the ter- 
race has a fairly uniform elevation varying between 1230 and 1260 feet. 
Below Brewster the Columbia enters a narrow gorge and is bordered by 
granodiorite bluffs against which no terraces cling. The next terrace 
remnant is a small one which blocks the mouth of Indian Dan Canyon, 
its surface lying 1295 feet above tide, considerably higher than the surface 
of Brewster Flat. Continuing downstream, the terrace disappears against 
the narrowed walls of the valley only to form a large expansion at the 
mouth of the Methow in Poverty Flat, Paslays Bench, and an analogous, 
unnamed flat on the east side of the river (figure 10). The elevation of 
this part of the terrace, neglecting the numerous kettles that dot its surface 
and the alluvial fans that have been built upon it, is approximately 1245 
feet. One can walk for miles on this extensive flat (figures 13 and 15) 
and not change elevation more than 10 feet. 

Farther downstream the terrace is lost in a rock-walled gorge near 
Azwell only to expand again in the mouth of the Washington-Antwine 
drainage system. At this point the terrace top has an elevation of 1210 
feet. This remnant is separated from another expansion (figure 19) with 
an elevation of approximately 1260 feet, by the spur across which Antwine 
Coulee is cut. Still farther downstream a large terrace remnant blocks 
the mouth of Gillespie Canyon and extends southwestward to form the 
prominent bench (figures 20 and 4) on the south bank of the Columbia 
opposite Chelan Butte. Towards the west it subdivides into two terraces 
having elevations of 1265 and 1150 feet respectively. 

Dawson and Russell assumed that the “Great Terrace” ends at this 
point, but there are remnants of terraces that block the mouth of the 


LIII—BUw Lt. Grou. Soc. AM., Vou. 44, 1933 


: 
: 
: 
4 : 
j 
{ 
i 
4 
| 
4 
a) 
4 


A. C. WATERS—TERRACES AND COULEES 


814 
. 


815 


THE ‘‘GREAT TERRACE’’ OF THE COLUMBIA 


tributary canyons for miles downstream, and a large expansion occurs in 
Brays Flat on the east side of the Columbia opposite Navarre Coulee. In 
contrast to the terrace remnants upstream from Chelan Butte, cut-and-fill 
structure is much more common than lacustrine bedding, and the top 
of the terrace lies at a lower elevation than the dominantly lacustrine 


terraces upstream. It also declines in a regular manner when traced - 


down the river, suggesting that the terrace is stream built. Starting at 
an elevation of 1020 feet at the north end of Brays Flat opposite the 
mouth of Knapp Coulee, the terrace gradually declines to 925 feet at the 
mouth of Swakane Canyon, and the extensive flats blocking the mouth of 
Moses Coulee at an elevation of 850-900 feet, shown on the Malaga 
topographic map, may possibly represent its continuation downstream. 

According to the writer’s interpretation, the terrace remnants south 
of Chelan Butte are stream-built and represent the valley train of the 
Wisconsin glacier. The terraces upstream from Chelan Butte, though 
locally stream-built, are mainly lacustrine and were deposited in lakes 
dammed by melting ice and morainal débris held in the constricted 
portions of the valley. These lakes did not form a continuous sheet of 
water throughout the Columbia Valley, and consequently the top of the 
“Great Terrace” does not have the same level in all its expansions. How- 
ever, the actual surface of the terrace in the region above Chelan Butte 
owes much of its general accordance in elevation and many of its unique 
surface features to a great flood of water, that poured through the valley 
near the end of the period of ice occupancy as a result of the breaking of 
the Okanogan ice barrier across the Columbia Valley and the sudden 
resumption of its former channel by the Columbia River which, during 
the time of the ice invasion, had been forced to flow through Grand 
Coulee.*® 

KETTLES ON THE “GREAT TERRACE” 


One of the most characteristic things about the “Great Terrace” is 
its kettle-dotted surface (figure 21). Over areas several square miles in 
extent the surface of the terrace is in places an intricate maze of de- 
pressions. Most of the kettles range from 50 to 200 feet in length. They 
are not distributed evenly over the surface of the terrace but are con- 
centrated in certain localities and entirely absent in others. The areas 
of concentration are invariably on the outside of sharp bends in the 
Columbia River, or immediately against the upstream side of spurs that 
project out into the Columbia Valley. Thus, on the outside of the bend 


28 J. Harlen Bretz: The Grand Coulee. Am. Geogr. Soc., Spec. Publ. no. 15, 1932. 
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that the Columbia makes at Pateros, the northern end of Poverty Flat is 
pitted by closely spaced kettles some of which are large enough to be 
shown by the 100-foot contour interval of the topographic map (figure 
10). Remnants of this flat on the east side of the Columbia are entirely free 
of kettles, however, and kettles are not numerous on Paslays Bench. An- 
other place where kettles are concentrated in great numbers is on the 
upstream side of the spur that is transected by Antwine Coulee. The 
edge of the terrace expansion immediately north of this spur is a maze 
of depressions (figure 17), and even the entrance of Antwine Coulee is 
blocked by a sheet of kettle-pitted stratified drift that rises above the 


FiGure 21.—Kettles on the Surface of the “Great Terrace” 


level of the terrace. On the surface of the terrace expansion, just north of 
the mouth of the Chelan River, numerous kettles are found on the up- 
stream side of a pyramidal islandlike mass of rock (figure 19) that pro- 
jects through the surface of the terrace.”° 

That the kettles have been produced by the melting of ice blocks par- 
tially buried in the débris that forms the upper surface of the terrace is 
shown by the common occurrence of a rim of glacial boulders around the 
margin of the kettle, which have sloughed off the edge of the ice upon the 
terrace surface as melting progressed. Nests of boulders are also found on 
the floor of the kettles. 


2°For a different explanation of these pits see I. C. Russell: U. S. Geol. Survey, 
Ann. Rept. 20, 1898, 1899, p. 179. ‘ 
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The origin and distribution of the kettles is admittedly difficult to 
explain, but their concentration on the outside of bends and behind spurs 
and projections in the valley appears to indicate that they have been 
formed by the melting of river-rafted icebergs, lodged against obstructions 
by a greatly swollen Columbia. Had the kettles been formed by stagnant 
blocks of ice left in situ by the wasting away of the ice sheet, there is no 
apparent reason why they should be concentrated on the outside of the 
bends or behind projecting spurs. In addition, kettles formed by ice in situ 
would, as a rule, show much variation in size. In the Okanogan Highlands 
of northern Washington there are many examples of kettles formed by stag- 
nant masses of ice melting in place. These kettles range from small pits 
up to great depressions several miles in extent. (See, for example, the 
large depressions in Wagonroad and Toats coulees, shown on the Chopaka 
topographic map.) 

Many of the kettles on the “Great Terrace” are of such great size that 
it would require a raging flood of water over 100 feet deep to carry the 
bergs that formed them. The stage was well set for the occurrence of a 
great flood near the end of the glacial epoch. As the Okanogan lobe ad- 
vanced, it shoved the Columbia completely out of its course, filling the 
2000-foot canyon with a dam of ice in the region between the head of 
Grand Coulee and Chelan Falls. The Columbia discharge was diverted 
into Grand Coulee and aided in widening and deepening that chasm. The 
head of Grand Coulee is over 500 feet above the level of the Columbia 
River, and as the ice wasted away in the portion of the canyon above the 
coulee, a large lake must have been impounded behind the ice dam. As 
the Okanogan lobe slowly melted, this dam holding the lake became more 
and more unstable until eventually it collapsed, giving rise to a spectacular 
flood. The impounded water, charged with large blocks of ice from the 
broken dam, rushed through the Columbia Valley, jamming the bergs in 
great numbers behind every spur and projection, just as logs are jammed 
behind obstructions by flood water in a brook. As the flood subsided, 
it laid down vast quantities of silt and gravel that now form the upper 
surface of the “Great Terrace.” The ice jams were left half buried in 
this recently deposited débris and upon melting left the characteristic 


kettles.*° 


39 The flood here suggested as responsible for the surface features of the Great Terrace 
is not the same as the Spokane Flood which, according to Bretz, is responsible for the 
development of the “scablands” and the shaping of numerous coulees on the Columbia 
Plateau. The Spokane Flood was vastly greater in volume, and it originated from an 


older ice sheet. 
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IcEJAM IN ALTA COULEE 


Perhaps the most spectacular record of the flood is visible in the central 
part of Alta Coulee. If one starts at the mouth of the coulee in Antwine 
Creek and proceeds toward its head, he passes for a short distance over a 
flat floor (figure 16) which has a gentle slope toward the center of the 
coulee. This is an arm of an alluvial fan built by Antwine Creek since 
the period of ice occupancy. In less than a mile the fan ends, and a sharp 
rock pinnacle rises abruptly in the center of the coulee floor. This pin- 
nacle has been previously described as a small spire left upstanding by the 
retreat of twin waterfalls. 

North of the spire there is a depression, about 100 yards wide, the 
northern border of which is formed by gravelly, boulder-studded fill, 
which rises in a steep scarp to a height of 80 feet. For the next two miles 
the traveller passes through wild and chaotic topography. The entire 
coulee floor is so thickly studdied with steep-walled, locally coalescing 
depressions, 50 to 200 feet deep, as to make the coulee almost impassable. 
Neither words nor photographs (figure 22) convey an adequate picture of 
this unusual stretch of topography. At the northern end of the coulee the 
depressions have been masked by alluvial fans formed by run-off from Goat 
Mountain, but in the central part, where there is little tributary drainage 
from the sides, they are entirely unmodified. This wild jumble of de- 
pressions is interpreted by the writer as the record of a great jam of ice 
brought into the coulee by the bursting of the Okanogan barrier and 
piled behind the pinnacle of rock near the mouth of the coulee. Much of 
the débris that now remains to record the ice jam is rudely stratified sand 
and gravel, but it is intermixed with vast numbers of large boulders rafted 
in by the ice blocks, and its surface is thickly studded with blocks of rock 
that have been subsequently rifted from the cliffs forming the walls of the 
coulee. 

Alta Coulee is situated in a logical place for an ice jam (figure 1). 
The mouth of the coulee lies opposite the sharp bend of the Columbia at 
Pateros; consequently, the floating bergs in the flood would have been 
concentrated on the west bank of the river as it rounded this curve, and 
would have poured into the open coulee slot. 


SUMMARY 


At the time of the last glaciation in north-central Washington a broad 
expanse of ice, known as the Okanogan lobe, crossed the Columbia Can- 
yon, diverted the river from its former course, and rode out upon the 
flat surface of the northwestern part of the Columbia Plateau. In the 
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spurs of the Cascade Range, west of the river, the same ice mass encroached 
upon an area of serrate topography, burying peaks and ridges that rise 
4000 feet above ihe adjacent streams. The deposits left by the ice in the 
two regions contrast strikingly. On the plateau there is a huge moraine, 
dotted by hundreds of erratic basalt boulders, many of which measure 100 
feet on aside. Stratified drift is rare. In the region of rough topography, 
however, moraines are only occasionally found, but numerous terraces 
composed of stratified glacial drift are conspicuous elements of the topog- 
raphy. Most of the terrace material shows deltaic structures and appears 
to have been deposited during the period of deglaciation, in temporary 


FIGURE 22.—Alta Coulee 

Looking obliquely downward upon the ice jam in Alta Coulee from the summit of 

the coulee wall. The top of the rock pinnacle that caused the jam is barely visible 

just beyond the bend in the coulee. View looking south. 

lakes that were dammed by the ice. The lakes in which the terraces 
formed were drained by streams flowing along the margin of the ice. In 
places, the marginal streams crossed rock spurs and excavated precipitous- 
walled spillways, which subsequently were abandoned as a result of con- 
tinued melting. The majority of the spillway notches are less than 75 
feet deep, but in a few cases a prodigious amount of rock excavation was 
accomplished. The mest remarkable is Alta Coulee, a narrow, cliff-walled 
slot, cut 500 feet into granodiorite by a marginal glacial stream. 


| 


820 A. C. WATERS—TERRACES AND COULEES 


With the withdrawal of the Okanogan lobe, the Columbia River resumed 
its former course. Re-occupation of the old valley took place when the 
last remnants of the Okanogan ice dam suddenly collapsed. The record 
of the flood thus released is visible in the surface features of the lowest 
glacial terrace in the Columbia Canyon. 
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FURTHER NOTE ON THE EARLIEST USE OF THE WORD 
“GEOLOGY” 


BY FRANK D. ADAMS 


Read before the Geological Society, December 28, 1932 
y 


At the annual meeting of the Geological Society of America in 
1931, the writer submitted a brief paper on the earliest use of the word, 
“Geology,” in the sense, or approximately in the sense, in which it is 
now employed. After citing a number of very early works in which the 
word is found it was stated that the earliest use of the term, so far as 
had been ascertained, was in Lovell’s “Pammineralogicon or an Uni- 
versal History of Minerals etc.,” which appeared in 1661. 

Since that meeting further information on the subject has been ob- 
tained, and this is presented in the present communication. 

Robert Plot in his “Natural History of Stafford-Shire,” published at 
Oxford in 1686, in writing of the phenomena attendant upon earthquakes, 
says (p. 145) “as we find it in the Geologia Norwegica, it makes a terrible 
rumbleing like loud thunder.” Search for a copy of this “Geologia Nor- 
wegica” showed that it is an extremely rare work. There are, however, two 
copies of it in the University Library at Oslo and one copy in the library 
of the Museum of Bergen. Its author is Mickel Pederson Escholt, and 
although written in Danish, it was published at Christiania (Oslo), in 
1657. It bears the following title: 

“Geologia Norvegica. Det er: En kort Undervisning om det viit- 
begrebne Jordskelff som her udi Norge skeede mesten of uer alt Synden- 
fields den 24. Aprilis udi naervae rende Aar 1657. Sampt physiske 
historiske oc theologiske Fundament oc grundelige Beretning om Jord- 
skelffs Aarsager oc Betydninger. Forfattet ved Mickel Pedersén Escholt, 


1 Manuscript received by the Secretary of the Society, February 7, 1933. 
(821) 
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Aggersh: T. Prentet in Christiania hos Mickel Thomeson Aar 1657”. 
4°. 66pp. 

An English translation of this work appeared six years later, being 
dedicated “To the Worthy Company of Merchants Trading into the 
Kingdom of Norway,” and having the following title: 

“Geologia Norvegica. Or, a brief instructive Remembrancer, Con- 
cerning that very great and spacious Earthquake, Which hapned almost 
quite through the South parts of Norvvay: Upon the 24th. day of April, 
in the year 1657. Also Physical, Historical, and Theological Grounds and 
Reasons concerning the causes and significations of Earthquakes. Writ- 
ten In the Danish Tongue, by Michael Peterson Escholt, sometimes 
Minister of Ackers-house Castle in Norway.—And Englished by Daniel 
Collins.—London. Printed by J. H. for 8. Thomson at the Bishops head 
in St. Pauls Churchyard. 1663.” 12 mo. [x] + 93pp. 

The original work in Danish, therefore, appeared four years before 
Lovell’s book, and the English translation was published two years after 
Lovell’s work. 

Professor Mario Cermenati, in an article entitled “Considerazioni e 
Notizie Relative alla storia delle Scienze Geologische ed a due Precursori 
Bresciani,” which appeared in the Bulletin of the Societa Geologica 
Italiana [Volume XX, 1901, page XCII (Fase. IV)] and which the 
present writer had not seen when his former paper was prepared, claims 
with patriotic fervor that the word “geologia” in its modern usage is 
of Italian origin (“di fabbrica nostra”), although it was first “publicly 
adopted” by the German writer, Philippus Cluver, in a book printed in 
Leiden in 1619, having the title “Geologia, de Creatione ed Formatione 
Globi Terrestris.” Cermenati says in a footnote that, while he mentions 
this work because it appears in Silvestri’s “Bibliographie geologique et 
palaeontologique de I’Italie” (Bologna, 1881, p. 332), he has not, even 
after a diligent search, been able anywhere to find a copy of it. 

When reading in the library of the British Museum during the summer 
of 1932, the writer availed himself of the ample facilities there provided to 
ascertain whether it might not be possible to learn something more 
definite with reference to this book. 

On looking up the Italian catalogue above mentioned, it was found 
to form part of a larger “Bibliographic Geologique et Palaeontologique 
de l’Italie,” compiled in connection with the meeting of the Second Inter- 
national Geological Congress, held in Bologna in 1881. In this catalogue, 
the works dealing with each Italian state are catalogued separately. 
Silvestri’s catalogue is the one embracing the province of Catania with 
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Sicily and the adjacent volcanic islands. In this, two entries, and only 
two, appear under the name Cluverus. Both are stated to be works of 
Philippus Cluverus. The titles are as follows: 


Cluverus, Ph.:; “Geologia de Creatione et formatione globi terrestris. 4. Lugd. 


Bat. 1619.” 
Cluverus, Ph.; “Sicilia Antiqua et Insulae minores adiacentes. Lugduni Bata- 


vorum, 1723.” 


It is to be noted, however, that the original edition of the Sicilia Antiqua 
appeared in 1619. Silvestri states in the introduction to his Catalogue 
that the part dealing with vulcanology is a revision and enlargement of 
a bibliography of “Aetna Literature” in volume II of the great work on 
Etna by Sartorius von Waltershausen. On consulting Von Walters- 
hausen’s work, it was found that in this catalogue, which is really in 
volume I, the first mentioned book appears, but the title is now given in 
German as follows: 


Cluverus, Philippo: “Geologia, von Erschaffung und Bereitung der Erdkugel, 
4, Lugd. Bat. 1619.” 

In this catalogue, there is no mention of Dethlevus Cluverus, to be 
referred to later, nor could any reference to Cluver’s book be found else- 
where in the text of Von Waltershausen’s work. 

An excellent life of Cluver, written by J. Partsch, under the title. 
“Philipp Cluver der Begrunder der Historischen Landerkunde,” ap- 
peared in 1891. This is especially valuable for the present purpose, in 
that a statement is given of the work which Cluver carried out each year 
during his life. 

Philipp Cluver was born in Danzig, in 1580. He went to Leiden, in 
1600, to study law, but a little later, meeting Scaliger, he became in- 
fatuated with the study of the geography of the ancient world especially 
in its historical aspects. After wandering through all parts of Europe, 
he published, in 1611, his first book, a monograph entitled “De tribus 
Rheni alveis et ostiis.” In 1616, he received an appointment in the Uni- 
versity of Leiden, and in 1619 completed his “Sicilia Antiqua,” which 
was published by the Elsevirs in that year. He died in 1622. His works 
deal with the history of the ancient world as influenced by geographical 
factors, and with critical studies of the works of the ancient geographers. 
Partsch says that, “Geographia historiae lumen” was the motto of Cluver’s 
work. Although he gives an account of the works which Cluver wrote 
year by year, nowhere is there mention of his being engaged in any work 
having geological bearings, except, perhaps, the notes which he makes 
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on Etna in his book on Sicily. There is no reference to, nor even any 
suggestion of his having written a work on geology, and in the year 
when, according to Silvester’s Catalogue, he was supposed to have written 
his “Geologia,” he was, as already mentioned, engaged in completing 
his “Sicilia Antiqua.” This great work presents a detailed description 
of Sicily in ancient times, together with a full account of what classical 
writers said concerning each and every part of the island. This is the 
case even in Chapter XI which treats of Etna. 

The word “Geologia” does not appear in the index of “Sicilia Antiqua,” 
nor could it be found in the text. 

Philipp Cluver, in fact, was a classical scholar and a geographer, but, 
apparently, in no sense a geologist. 

A search was then made for a copy of “Geologia, de Creatione ed 
Formatione Globi Terrestris.” It is not in the library of the British 
Museum, nor in that’ of the Geological Society of London, nor in the 
Congressional Library in Washington, nor in any of the larger libraries 
in North America. Enquiry was made at the Auskunfts bureau der 
Deutschen Bibliotheken in Berlin, but no trace of it could be found in 
any of the library catalogues there. Neither is it to be found in any of 
the Dutch libraries. In fact, so far, the writer has been unable to find 
a copy of this book anywhere. 

There was, however, another Cluverus—Dethlevus Cluverus, who was 
elected to Fellowship in the Royal Society of London, in 1678, and who 
wrote a book which was published in Hamburg in 1700, under the title: 


Cluverus, Dethlevus: “Geologia sive Philosphemata de genesi ac structura 
Globi Terreni. Oder Naturliche Wissenschaft von Erschaffung und Berei- 
tung der Erd Kugel.” 


As the title of this work is identical with that of the book attributed to 
Philippus Cluverus, supposed to have been written nearly a century 
earlier and of which, so far as can be ascertained, no one has ever seen 
a copy, it seems in the highest degree probable that Sartorius von Walters- 
hausen or his assistants, by mistake, attributed the book written by 
Dethlevus Cluverus to Philippus Cluverus, and thus advanced its time 
of publication by nearly a century. 

Cermenati, however, mentions another writer who used the word, 
“geologia,” at a still earlier date—namely, the renowned Italian natural- 
ist, Ulyssus Aldrovandus. Aldrovandus was born in 1522 and died in 
1605. He was a man of great genius, indomitable industry, and untiring 
energy, and is known as the author of a series of great volumes on birds. 
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insects and other divisions of the animal kingdom. He was a man whose 
mind ranged widely over the field of knowledge, and who wrote upon many 
and diverse subjects. He did not, however, publish any work dealing with 
inorganic nature. Upon his death, he left a will, a very lengthy docu- 
ment, which is to be found in Fantuzzi’s “Memorie della Vita di Ulisse 
Aldrovandi Medico E. Filosopho Bolognese,” published in Bologna in 
1774. In this will, Aldrovandus refers to his printed works and to a 
large number of “principal manuscripts” and other unpublished material, 
with directions concerning the disposal of his literary effects. Among 
this unpublished material, he mentions (loc. cit. p. 81) “La Biblioteca, 
penes tabulas, seu indices, che saranno 20 volumi in circa, & anco la 
Geologia, ovvero de Fossilibus; poi la Botanologia & Zoologia, & di poi 
quella de Ritu sepeliendi che sono doi columi, di por quella de Peste 
spirituali & corporali,” etc. Certainly a miscellaneous collection ! 

It would seem from the punctuation, that “Geologia, ovvero de Fossili- 
bus” was the title of a separate volume, or, more probably, a package con- 
taining a collection of manuscript notes on geological subjects by Aldro- 
vandus, to be used later in the preparation of a volume similar to those 
which he had already written on birds, insects, and fishes. 

It will be noted that “Geologia” is here regarded as the science dealing 
with “Fossils,” but in this connection it must be remembered that at the 
time in which Aldrovandus lived, the word, “fossil,” had a much wider 
significance than it has at present, and included all objects which were 
dug out of the earth’s crust—that is, minerals and rocks as well as what 
are now known as fossils. Under the term, “geologia,” therefore, Aldro- 
vandus included those branches of science which are now known as 
Mineralogy, Petrography, and Paleontology. Aldrovandus himself pub- 
lished nothing about “geologia,” but, some forty years after his death, 
Bartholomeus Ambrosinus compiled from the material left by Aldro- 
vandus, the great folio volume bearing the title: 


“Ulyssis Aldrovandi Patricii Bononiensis Musaeum Metallicum in Libros II1I 
distributum Bartholomeus Ambrosinus . . . Labore et Studio com- 
posuit.” 


This was published at Bologna in 1648. While the materials used in 
the preparation of the volume were in all probability those mentioned in 
the will of Aldrovandus under the title “Geologia ovvero de Fossilibus,” 
the word, “geologia,” does not appear in the volume itself. 

So far, therefore, as is known at the present time, Lovell’s work “Pam- 
mineralogicon or an Universal History of Minerals, etc.,” published in 
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1661, to which reference has already been made, is the first work in the 
English language in which the word, “geologia,” appears. 

The work of Escholt, written in the Danish language but published in 
Christiania in 1657, is the first printed work in which the word occurs. 

But Aldrovandus employed the word, in some manuscript notes and in 
his will, essentially in its modern sense, at least as early as 1605, being 
the year in which he died. 

As stated, however, in the paper presented to the Society in 1931, the 
word, “geologia” was used at a much earlier time, but in an entirely dif- 
ferent sense, by Richard de Bury, Bishop of Durham, in his interesting 
and entertaining little book, entitled “Philobiblon or the Love of Books.” 

In this book, first printed in 1473 at Cologne, which was translated into 
English by E. C. Thomas and published by the De La Mare Press of Lon- 
don in 1903, the word, “geologia,” it is believed, made its first appearance 
in literature. It was apparently invented, if this term may be used, by 
de Bury who used it in an entirely different sense from that in which it 
subsequently came to be employed. By it, he designated the study of law, 
which faculty, he says, “We may call by a special term ‘Geologia’ or the 
earthly science” as contrasted with the arts and sciences, as these terms 
were then employed, which are concerned with spiritual things. 
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INTRODUCTION 


The distribution of Mesozoic rocks in the United States is fairly well 
known. Many individuals doing field work, either independently or for 
State or Federal surveys, have collected data on outcrops and underground 
relationships of these rocks during the last hundred years or more. As a 
result of the publication of their findings, approximately 80 per cent of 
the areal distribution is known and generally accepted. 

Many excellent palegeographic maps have been constructed which show 
the distribution either by systems or by subdivisions of systems. Out- 
standing among such maps are those of Charles Schuchert and of Bailey 
Willis. Recently, C. H. Crickmay published an exhaustive study of the 
Jurassic rocks of North America, in which he included 13 maps, each 
showing the distribution during an epoch of that period.?, As those maps 
are based on a detailed knowledge of faunas and floras, they must be 
considered authoritative and probably the best that can be done on the 
basis of our present paleontologic information. 

The maps presented herewith differ from previous maps, in that they 
show only the areas in which Mesozoic rocks are now known to be present, 
completely ignoring possible or probable connecting seaways. In addition, 
the known thickness at many points is indicated. . 

Separate maps, compiled for each of the Mesozoic periods, proved to be 
helpful in preparing lectures for students in historical geology. These 
maps indicate in a general way where the land areas of the period prob- 
ably were. Similarly, they can be used to show how a paleontologist, with 
a specialized knowledge of the restricted range and the geographic dis- 
tribution of a given fauna, may extend the present outcrop areas across 
places from which the system has been eroded. Furthermore, they in- 
dicate the areas on adjacent land masses where orogenic movements were 
taking place; for when the thickness of a system is taken into considera- 
tion in conjunction with the lithologic character, the height of the land 
can be deduced. On the basis of the same data the maps show where 
subsidence—especially geosynclinal subsidence—was going on. In so 
doing, they reveal information regarding structural deformation and 
progressive changes in the architecture of the continent. Finally, the 
maps indicate the probable thickness and character of the system at points 
where information is now lacking. 


?C. H. Crickmay : Jurassic history of North America. Proc. Am. Philos. Soc., vol. 70, 
1931, pp. 15-102. 
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The fundamental data plotted on the maps were obtained from the 
publications of the United States Geological Survey and of the various 
State geological surveys. Many data were found in geologic journals and 
other similar publications. Such information was valuable chiefly for 
outcrop areas; for those areas in which the given system is covered by 
younger rocks, the records of deep wells were used. In this connection, 
the writer wishes to acknowledge the generous cooperation of many geol- 
ogists all over the country, who not only sent the logs of deep wells, but 
also furnished for some of these the necessary interpretation of the record. 

It must be emphasized again that the maps published herewith are not 
paleogeographic maps in the usually accepted sense of the term. The 
stippled areas, which appear as land masses, are the areas in which 
no rocks of the particular system are now known to exist. It is prob- 
ably safe to assume that each of the stippled areas functioned as a land 
mass over most of its extent. This is particularly true for the eastern 
portion of the continent. In the western portion, where diastrophic move- 
ments have been frequent and involve great vertical displacements, much 
rock of Mesozoic age has been removed. 

The arabic numerals on the maps indicate the thickness of the system 
in hundreds of feet (to the nearest hundred), and they are placed as 
nearly as possible on the spot where the reported thickness is to be found. 
In plotting thicknesses an effort was made to take only sections unaffected 
by erosion. An 2 is used to indicate that the system is very thin, or else 
that the thickness is not known at present. A zero in the stippled area 
indicates a point where younger and older rocks appear, but where the 
system under discussion is absent. The thicknesses reported in the litera- 
ture were not used indiscriminately. Many were omitted because they 
were obviously incomplete on account of erosion. Some were omitted 
because they were obtained from unreliable sources. Even with these 
precautions, however, the thicknesses as plotted on the maps do not have 
uniform value. Some are based on carefully measured sections in areas 
of slight structural disturbance; others are rough estimates based on re- 
connaissance work; and still others were measured in areas of structural 
complexity where reduplication of beds is to be suspected. Again, fossils 
are present in some areas to set definite limits to a system, but in most areas 
this is not the case. Different geologists, working in different parts of the 
country, have, therefore, used slightly different limits for a system. In 
order to overcome this difficulty, the writer reclassified all stratigraphic 
sections which appeared in older publications, to accord with the informa- 
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tion furnished by the most recent sections in that part of the country. 
Because of the limitations involved, the writer found it impossible to 
draw isopach lines with precision. They have, therefore, been drawn so 
as to connect points of frequent coincidence rather than through points of 
equal thickness. 
Triassic SysTEM 
GENERAL STATEMENT 


In the United States the Triassic rocks are found in two widely sepa- 
rated areas. Along the eastern side of the continent they appear in 
narrow, elongated strips, filling fault troughs in much older rocks. In 
the western part of the country they appear on the surface or under a thin 
cover of younger rocks, over a rather wide expanse of territory. The area 
from approximately longitude 100° to longitude 115° is separated from 
the Pacific coast area by a narrow belt in which Triassic rocks are not 
reported. For that reason, and partly as a matter of convenience, the 
western area is divided into a Rocky Mountain Sea and a Pacific Sea. 


PACIFIC SEA 


Pacific Coast States.—As the map (Figure 1) shows, Triassic rocks of 
the Pacific Sea were laid down chiefly in California, western Nevada, and 
eastern Oregon. Small patches have been found also in northern Wash- 
ington and more extensive areas in British Columbia. The latter are 
described in a large number of memoirs and reports of the Geological 
Survey of Canada and in the annual reports of the United States Geologi- 
cal Survey. On account of their generally much disturbed condition, the 
thickness is difficult to ascertain and is usually given in round numbers. 
The system in this part of the continent probably measures from 3000 to 
over 7000 feet. A prevailing characteristic is the predominance of vol- 
canic materials. At some places, tuffs make up the larger part of the 
system, whereas at others, basalts and altered basalts (greenstones) are 
more prominent. Fortunately, some clastic rocks are interbedded with these 
materials, and in them, fossils have been found which furnished a clue to 
their age. For instance, on Vancouver Island, Clapp reports 5000 feet of 
voleanic rocks which he calls the Vancouver series, and in the upper 
part of which he found Triassic fossils. Between Vancouver and Kam- 
loops and some distance beyond, toward Golden, similar rocks are called 
Nicola and have a thickness of nearly 10,000 feet. Daly reports Triassic 
fossils from the lower 500 feet of this series. 
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In the Cascade Mountains of northern Washington the Ventura series, 
which was named by Russell, may be partly of Triassic age. It consists 
almost exclusively of clastic rocks and is much less metamorphosed than 
the underlying Carboniferous rocks. Daly also found a considerable 
thickness of such clastic rocks between Osoyoos Lake and Sumas Lake 
(longitude 122°), to which he applied the name, Cultus formation. 

The greater part of Washington and most of Oregon appear to contain 
no Triassic rocks, although the great thickness and the vast extent of 
Tertiary lavas, which cover much of this area, may also conceal such rocks. 
In the Blue Mountains, which project from these lavas like an oasis in the 
desert, Lindgren found 2000 feet of limestones, shales, and volcanic rocks. 
The fossils in these strata were identified and described by J. P. Smith as 
of upper Triassic (Noric) age. 

In California, rocks of this system have been found at Redding (lati- 
tude 41°, longitude 122°), at Taylorsville (latitude 40°, longitude 
121°), and thence southward for some distance along the high western 
slope of the Sierra Nevada. In this region, dark slates and lime- 
stones seem to predominate, but some tuff and much lava is also re- 
ported. At Redding the upper 400 feet of the system was named the 
Brock by Diller, and the fossils were found to be of Upper Triassic 
age. The underlying Hosselkus limestone also contains Upper Tri- 
assic fossils, and the clastics and tuffs, called the Pit formation, con- 
tain fossils of Middle Triassic aspect. In the Lassen Peak quad- 
rangle, to the east of the Redding quadrangle, rocks of similar age 
were named the Cedar formation by Diller. He also described the Triassic 
rocks of the Taylorsville region and there used the names Swearinger and 
Hosselkus. In the Mother-lode district, farther south, the name, Sailor 
Canyon, was applied to slates and limestones containing Noric fossils. 

Still farther south in California, rocks of this system are believed to be 
present in a number of separated areas. In the Inyo Range (latitude 36° 
30’, longitude 118°) Kirk found 5000 feet of tuff, breccia, and lime- 
stone containing Upper Triassic fossils. Below these there are 1500 
feet of shales and limestones which may also belong to the system. 
In the Santa Monica Mountains (latitude 34° 10’, longitude 118° 30’) 
Hoots found black slates nearly 6000 feet thick which he believes are 
of Triassic age, but in the absence of fossils this cannot be proved. 
Finally, it has been suggested that a portion of the thick Franciscan 
formation, which is found in western California in the Coast Ranges, 
may also be of Triassic age and may possibly represent the shoreward 
facies of the dark shales deposited farther east. 
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Nevada.—Triassic rocks have been found at a number of points in the 
western part of Nevada, from longitude 117° westward. One of the most 
complete sections in this part of the Pacific Sea, and also one of the most 
interesting, is that of the Humboldt Range (latitude 40°, longitude 118°). 
This section has long been known and has been described and redescribed 
and changed a number of times since it was first discovered by members of 
the Fortieth Parallel Survey. According to the most recent revision the 
upper part of the system includes 500 feet of slate and 5000 feet of vol- 
canic flows with some limestone in the middle portion. This limestone 
is approximately 2000 feet thick. The Middle Triassic is represented by 
1500 feet of slate, limestone, and tuffs, in which many beautifully pre- 
served fossils were found. The abundant faunas from this section have 
been described in great detail by J. P. Smith. The Koipato formation, 
which underlies the lower Star Peak formation, is estimated to be 10,000 
feet thick and consists entirely of volcanic materials. Portions of this 
section have been found in the Cedar Range, south of the Humboldt 
Range, as well as in the Candelaria district nearby. In the Pine Nut 
Mountains, which lie nearly at the point where the western boundary of 
Nevada changes from a north-south to a southeasterly direction, the sys- 
tem consists of argillites and limestones with a thickness of 3300 feet. 


ROCKY MOUNTAIN SEA 


Area.—The area included in the Rocky Mountain Sea comprises most 
of Wyoming and nearly all of Utah, besides large portions of Arizona and 
New Mexico. It reaches into southern Montana on the north, South 
Dakota and Nebraska on the east, and southeastern Idaho on the north- 
west. Much of western Colorado falls within its boundaries, as well as 
western Texas and small portions of western Oklahoma and southwestern 
Kansas. Furthermore, it connected during Lower Triassic time with the 
Pacific Sea through southeastern Nevada and adjacent parts of California. 
In this large area both marine and continental materials were laid down, 
but the latter far exceed the former. The marine sediments appear 
to have been laid down close to Monzonia, but small tongues of marine 
limestones extend far to the east, showing that there were during Lower 
Triassic time extensive marine inundations. According to. the fossil evi- 
dence, these marine seas existed only in Lower Triassic time, for the 
Upper Triassic rocks contain only vertebrate remains, and Middle Triassic 
rocks appear to be entirely lacking. 

The origin of the sediments is clearly reflected in their lithologie char- 
acter, for red colors predominate in the continental portions. Further- 
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more, they consist almost exclusively of clastic materials such as sands, 
silts, and conglomerates. Cross-bedding is fairly common in some parts 
of the area but not nearly so prominent as in the Jurassic strata. The 
rather frequent appearance of gypsum in the section indicates the exist- 
ence of lakes and oft-repeated periods of desiccation. 

Lower Triassic.—The names most widely applied to Lower Triassic 
rocks are Moenkopi in Arizona and Utah ; Thaynes and Woodside in Idaho 
and adjacent parts of Montana, Wyoming, and Utah; Chugwater in most 
of Wyoming ; and Spearfish in the extreme eastern portion of the area. 

In southeastern Idaho, Mansfield found 6000 feet of strata which he 
named Wood, Deadman, Higham, Timothy, Thaynes, and Woodside. 
The first three are now regarded as of Jurassic age and the Timothy as of 
Upper Triassic age. The Thaynes formation consists of limestone and shale ' 
and contains a Meekoceras fauna which was described exhaustively by 
J. P. Smith. The Woodside consists mostly of shale, but limestones are 
also present. These contain a Lower Triassic fauna. The thickness of 
the Thaynes and the Woodside together reaches a total of 5600 feet (in 
Portneuf quadrangle), which is the greatest thickness reported for the 
area. To the north the Woodside is 500 feet thick near Melrose in Mon- 
tana (southwest of Butte) and over 100 feet thick on Indian Creek. In 
both areas, fossils of Lower Triassic age were found. To the south, in 
northeastern Utah, these formations are 2100 feet thick and contain con- 
siderable red shale. Still farther south the thickness decreases somewhat 
until it is only 800 feet in south-central Utah. In southwestern Utah the 
thickness increases markedly, for in the San Francisco Mountains, Ree- 
side reports 1700 feet of Moenkopi, and Butler found 5000 feet of the 
Harrington formation. In southeastern Nevada, Longwell measured 1600 
feet of Moenkopi limestones, shales, gypsum, and sandstone in the Muddy 
Mountains (latitude 36° 30’, longitude 114° 30’). 

Eastward from Monzonia the Moenkopi formation thins rapidly and 
appears to pinch out completely at about longitude 108°. When the 
Thaynes and the Woodside are traced eastward, they correspond to the 
Chugwater formation of Darton, using the name in the restricted sense 
as suggested by Reeside * and illustrated by the enlightening cross-sections 
of Bartram.* These writers believe that the thin Alcova limestone, which 
can be traced over a large portion of Wyoming, should be considered to 
be the top of the Chugwater and to mark the top of the Lower Triassic. 


3 J. B. Reeside. Jr.: Triassic-Jurassic Red Beds. Jour. Geol.. vol. 37. 1929, p. 47. 
4J. G. Bertram: Triassic-Jurassic Red Beds. Jour. Geol., vol. 38, 1930, pp. 335-345 
and 668-671. 
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In the Wind River Range, Condit reports 1300 feet of Chugwater, con- 
sisting of red shale, sandstone, and gypsum, with 200 feet of Dinwoody 
below it, consisting of shale and limestone. Near Thermopolis the Chug- 
water is 775 feet thick with 5 feet of Alcova limestone above it. At 
Alcova, in east-central Wyoming (latitude 42° 30’, longitude 106° 45’), 
the gypsiferous red beds of the Chugwater are 800 feet thick, and the lime- 
stone is 8 feet thick. This limestone contains marine Triassic fossils 
which are listed by Lee, and thus constitutes one of the tongues of marine 
inundation. Eastward from Alcova the absence of the limestone allows 
the red beds below it to merge with those above, making it difficult to 
draw a sharp line between the Lower and the Upper Triassic rocks. The 
Chugwater is probably the equivalent of the Spearfish, named by Darton 
from the fine exposures in the Black Hills of western South Dakota. 
This formation, consisting of red beds with some gypsum, is 400 feet 
thick, south of the Black Hills, and 650 feet thick, north of them. In 
Nebraska, Condra found 300 feet of Spearfish beds in the Douthie well.® 

Upper Triassic.—The names most widely used for the Upper Triassic 
rocks are Chinle and Shinarump. They are used in northern Arizona 
and in southern Utah as well as in southeastern Nevada. Equivalent 
strata are called Dolores in southwestern Colorado and Dockum beds in 
eastern New Mexico and western Texas. In the northern part of the 
Rocky Mountain area the Jelm, the Popo Agie, and the Timothy seem 
to be the correlatives of the Chinle and Shinarump. 

The Shinarump is a rather peculiar formation and for that reason 
attracted attention at an early date. Its coarse conglomeratic nature 
suggested the existence of an unconformity at the base, and later studies 
have tended to confirm this fact. It is now generally believed that the 
Rocky Mountain area was free from sedimentation during Middle Triassic 
time and that the Shinarump marks the beginning of a new cycle. Besides 
conglomerates the formation contains some sandstone layers and some 
shales. It varies greatly from place to place, but its average thickness is 
close to 50 feet. Fossil wood and vertebrate remains are the characteristic 
organic elements associated with it. When traced eastward, it seems to 
coincide with the Poleo sandstone of northwestern New Mexico and the 
lower part of the Dockum beds of eastern New Mexico. When traced 
northward, it apparently corresponds in general character with the Timo- 


5W. T. Lee: Correlation of Geologic Formations between east-central Colorado, central 
Wyoming and southern Montana. U. S. Geol. Survey, Prof. Pap. 149, 1927, p. 14. 
®°G, E. Condra: Deep Wells of Nebraska. Bull. 4, Nebraska Geol. Survey, 1931, p. 275. 
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thy of southeastern Idaho, the Popo Agie of western Wyoming, and the 
Jelm of southeastern Wyoming and northern Colorado. 

An interesting phase of the Shinarump is the lower portion of the 
Dolores formation of southwestern Colorado. There, it is very coarse 
and contains large boulders composed of rocks indigenous to the Un- 
compahgre massif of the ancestral Rocky Mountains. Among the com- 
ponents of the conglomerate are granites, schists, greenstone, cherts, and 
quartzites, as well as less resistant materials derived from pre-Cambrian 
and Paleozoic rocks. It is not unlikely that the Uncompahgre was the 
principal source of the material which makes up the Shinarump forma- 
tion. According to Reeside the Dolores formation is also equivalent 
to the Chinle and some of the overlying Jurassic strata. 

The Chinle formation in its typical development consists of red 
and green shales and siltstones. In some areas, gypsum is also reported. 
It is probably thickest in southeastern Nevada, where Longwell found 
3200 feet in the Muddy Mountains. It thins eastward but can be traced 
across northern Arizona into New Mexico, where Darton reports 900 feet 
in the Zuni uplift. Farther east it merges with the fluviatile and fan- 
glomeratic deposits of the Dockum beds. Adams believes it is possible to 
sparate the equivalents of the Shinarump and the Chinle in that area on 
the basis of lithology.”. The total thickness of the Dockum varies from 
a few feet to 1500 feet, but the usual thickness is 300 feet. 

In southern Utah the Chinle varies in thickness from about 200 to 
nearly 900 feet. It can be traced northward along the Colorado and the 
Green rivers to the northeastern part of the State, where Reeside reports 
260 feet at Island Park. There it is called the Ankareh formation. This 
formation is typically developed farther west, in the Salt Lake City region, 
where it attains a thickness of 1150 feet. Probably a large part of this 
thickness belongs to the Jurassic system. According to a recent correla- 
tion table by Reeside,* the Ankareh is placed entirely in the Jurassic, 
but Bartram, in his cross-sections, correlates the Ankareh with the Shina- 
rump and the Chinle.® According to these cross-sections, the Ankareh 
pinches out toward the east and is missing at Douglas, in eastern Wyoming. 


ATLANTIC AREA 


Triassic rocks, all of continental character, were laid down parallel to 
the Atlantic coast, in the eastern part of North America. They lie, almost 


7J. E. Adams: Triassic of West Texas. Bull. Am. Assoc. Petroleum Geologists, vol. 13, 
1929, p. 1052ff. 

8 J. B. Reeside, Jr.: Op. cit., p. 50. 

®J. G. Bartram: Op. cit., pp. 668 and 670. 
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exclusively, upon pre-Cambrian rocks that are probably a part of the old 
land mass of Appalachia. The full significance of this relationship is 
not known but will be revealed when the complete history of the Ap- 
palachian revolution has been worked out. Active thrusts from the east 
that produced the Appalachian folds and faults seem to have ceased 
entirely during the early Triassic period. One complementary after- 
effect was the formation of tension faults which now bound the Upper 
Triassic rocks, collectively referred to as the Newark series. 

Narrow troughs, in which the Newark series was deposited, extend from 
Nova Scotia down to South Carolina. One trough nearly coincides with 
the Connecticut Valley through Massachusetts and Connecticut. In this 
trough the border fault lies on the east, side. Another trough begins in 
southeastern New York and continues southwestward through New Jersey, 
Pennsylvania, and Maryland, into Virginia. In this trough the border 
fault is on the west side. Smaller troughs are found along the same trend 
in southern Virginia, North Carolina, and South Carolina. Another 
series of small troughs begins at Richmond, Virginia, and trends south- 
westward through North Carolina and South Carolina to the Wadesboro 
area. In all these the border faults are on the west side. 

In Massachusetts the Triassic rocks have been named Longmeadow, 
Sugarloaf, and Mount Toby. The first two names apply to the arkoses, 
shales, and sandstones of the west side, which appear to be equivalent to 
the Mount Toby conglomerates on the east side. A thickness of 4600 
feet has been assigned to them. In New Jersey a threefold division has 
been established beginning with the Brunswick red shales, sandstones, 
conglomerates, and interbedded lava flows at the top. The Lockatong, 
below the Brunswick, consists chiefly of red shales, and the underlying 
Stockton consists mostly of arkosic materials, in which gray and yellow 
colors appear, as well as the typical red colors. A thickness of 11,000 
feet is given for these three formations. 

In Pennsylvania the same names used in New Jersey are maintained in 
the northern part of the trough, and a thickness of 18,000 feet is assigned 
to the formations. Farther south the names Gettysburg and New Ox- 
ford are used, and the thickness dwindles to 9000 feet. 

The Triassic rocks of Virginia have been minutely described by 
Roberts.’° He prefers to divide them, according to their location with 
reference to the western border fault, into Border conglomerates, Manassas 
sandstone, and Bull Run shale. The Border conglomerates vary in com- 
position from place to place, according to the rocks from which they were 


10 J, K. Roberts : The Geology of Virginia Triassic. Bull. 29, Virginia Geol. Survey, 1928. 
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derived. Quartz, arkose, schist, igneous rocks, or even limestone may 
make up the total of the formation locally, but usually there is a mixture 
of these. The Manassas sandstones consist of similar rock fragments but 
appear in a narrow belt between the Border conglomerates and the Bull 
Run shale. The prevailing color of the sandstones is red, but gray and 
yellow colors also appear. The Bull Run shale covers 60 per cent of the 
area of the troughs. About three-fourths of it is red, and the remainder 
is gray, blue, and black. 

In all the troughs the dip of the rocks is striking, suggesting that deposi- 
tion took place rapidly while faulting and subsidence were going on at 
one side of the basin. The amount of dip is usually between 20° and 30° 
toward the faulted side. On account of this fact and also from the study 
of a few deep borings, Roberts believes that the thickness in most areas 
has been greatly exaggerated. He suggests that a thickness of 1000 feet 
for the deepest parts of the Virginia basins is probably a high figure. 

The fossils of the Newark series were studied as early as 1840 by W. B. 
Rogers. They consist exclusively of vertebrate and plant remains which 
indicate continental environment for the sediments. Most recent investi- 
gations show that all the fossils are of Upper Triassic (Keuper) age. An 
arid climate is indicated by the sediments and their contained fossils in 


the northern troughs, but the presence of coal beds and other swamp 
deposits in the southern troughs suggests a more humid climate there. 


JURASSIC SYSTEM 


GENERAL STATEMENT 


In the United States, Jurassic rocks are found only in the western part. 
They appear in two belts, which trend nearly north and south. One belt 
reaches from longitude 102° to longitude 114°; the other extends from 
longitude 117° to the Pacific coast. The continental area that separates 
them includes portions of Idaho, Washington, Oregon, Nevada, Utah, 
and California. It furnished the materials which make up the Jurassic 
rocks, as shown by the fact that the greatest thicknesses of Jurassic rocks 
have been reported from areas which lie immediately adjacent to this 
ancient land mass. As a general rule, the coarsest clastic accumulations 
are also found next to its borders. For the purpose of this discussion the 
depositional basin, which coincides very nearly with the present Rocky 
Mountains and the Great Plains, will be called the Rocky Mountain Sea. 
The depositional basin which lay west of Monzonia will be called the 


Pacific Sea. 
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PACIFIC SEA 


Extent.—The Pacific Ocean during Jurassic time covered western 
Washington, western Oregon, western Nevada, and most of the State of 
California. It extended northward through western Canada and thence 
into Alaska. For details regarding this portion of the Pacific Sea, the 
reader is referred to the excellent summary given by Crickmay.’* He 
described the Harbledown formation, as studied at Parson Bay on the 
island of Vancouver, as a typical deposit of early Jurassic age. It con- 
sists of 1400 feet of black argillite and 200 feet of greenish argillite. 
The contained faunas represent four stages of Liassic age. Other Jurassic 
sections have been described in the memoirs of the Geological Survey of 
Canada, but for most of them the thickness is indefinite because of the 
general scarcity of fossils and also because the faunas have not yet been 
classified. Along the 49th parallel, for instance, Daly found a thick sec- 
tion of flows and tuffs with some thin interbedded clastics to which he 
gave the names, Rossland and Phenix. Part of his Cultus formation 
may be of Jurassic age. In British Columbia, the Goat Mountain forma- 
tion, (named by James), is 8000 feet thick and consists of tuffs, flows, 
shales, and arkoses. The Ventura formation, named by Russell, may be 
in part of Jurassic age. 

In Oregon, rocks containing fossils of Lower as well as Middle Jurassic 
age were found by R. L. Lupher, south of the Ochoco Mountains (latitude 
44°, longitude 119°). These fossils, as well as a full description of the for- 
mations, will add greatly to our knowledge of a region where Tertiary lavas 
form an extensive blanket over older rocks. In southwestern Oregon 
deep dissection of the Klamath Mountains has brought to light some inter- 
esting sections of Jurassic strata. These were named by Diller the Dothan 
and the Galice formations. He assigns a thickness of 6000 feet to the 
Dothan, which consists of sandstone, conglomerate, and shales, and a 
thickness of 2000 feet to the Galice, which consists of dark slates. Much 
rock of igneous origin is associated with these formations. The discovery 
of rocks similar to the Franciscan formation of California was also made 
by Diller in the Coos Bay area of southwestern Oregon. The presence of 
amphibolite schist and of radiolarian shales is notable. 

In northern California a classic section is the one described by Diller 
from Mount Jura near Taylorsville (latitude 40°, longitude 121°). 
He delineated eight formations of alternating igneous and sedimentary 
materials in which the fossils range from Lower Jurassic (Hardgrave 


11C, H. Crickmay : Jurassic history of North America. Proc. Am. Philos. Soc., vol. 52, 
1931, p. 15-102. 
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red tuff and sandstone) through Middle Jurassic (Mormon sandstone) 
into the Upper Jurassic (Foreman, Bicknell, and Hinchman). This 
is, undoubtedly, the finest section in the whole area of the Pacific Sea, 
from the standpoint of paleontologic evidence. Farther west, near 
Lassen Peak, Diller discovered and named the Bend formation, in 
which he found Jurassic faunas. The Potem, the Bagley, and the Modin 
formations of the Redding quadrangle (latitude 41°, longitude 122°) 
total about 6000 feet in thickness and contain Lower as well as Middle 
Jurassic faunas. The first and the last are mostly clastic formations, 
but the Bagley is made up of flows and tuffs. 

Farther south in California the Jurassic rocks have been found on 
both sides of the San Joaquin Basin. They crop out over extensive areas 
on the western slope of the Sierra Nevada down to about latitude 37° 30’ 
and consist largely of black slates. The name commonly applied to them 
in this part of the Pacific Sea area is Mariposa. Unfortunately, few fos- 
sils have been found in the Mariposa formation, and for that reason the 
geologic time limits involved are not known. Crickmay believes that 
it is of Upper Jurassic age, but Knowlton states that the plants indicate 
a Middle Jurassic age. Knopf reports that the Mariposa rocks are more 
completely metamorphosed ,than are the Calaveras strata and that the 
fossils are probably of Upper or Middle Jurassic age. 

On the western side of the San Joaquin Valley, great thicknesses of rocks 
of supposed Jurassic age have been described under the name, Franciscan. 
The most complete presentation of the facts regarding this interesting 
formation was made by Davis,’* who states that it consists chiefly of sand- 
stones and arkoses, but that radiolarian cherts are characteristic and that, 
locally, jasper and glaucophane schists are abundant. Near San Francisco 
the formation has a thickness of about 6500 feet. In the Santa Lucia 
and the Santa Cruz mountains it appears to rest on an ancient granite 
foundation, but elsewhere its lower limits are not defined. Fossils have 
been found at only two or three localities, and they are usually of slight 
value for correlation purposes. The exact age of the formation is, there- 
fore, still much in doubt. One of the most valuable paleontologic clues 
is a cephalopod which was found by Taliaferro and described by Crickmay 
as an Upper Jurassic type.** The prevailing coarse nature of the Fran- 
ciscan formation, as contrasted with the Mariposa, seems to indicate a 


122. F. Davis: The Franciscan sandstone. Univ. of California Dept. Geol., Bull. 11, 
1918, pp. 1-44. 

%C, H. Chickmay: A new Jurassic Ammonite from the Coast Ranges of California. 
Am. Midland Naturalist, vol. 13, 1932, p. 1. 


} 
} 


842 W. A. VER WIEBE—PRESENT MESOZOIC SYSTEMS 


high land mass west of the present coastline, from which enormous quan- 
tities of sand and arkosic fragments could be derived. 

In western Nevada, Jurassic rocks have been found at a number of 
places. In the celebrated section of the Star Peak Range in Humboldt 
County (latitude 40° 15’, longitude 118°) there are 2000 feet of dark 
slates which contain Jurassic fossils. In the Excelsior Mountains, which 
lie in the same longitude but several degrees farther south, Hill found 
Jurassic tuffs, argillites, and some conglomerate. In the Pilot Mountain 
area (latitude 38°, longitude 118°), described years ago by Turner and 
more recently by Spurr, there are some rocks which may be of Jurassic 
age. The fossils in the upper red sandstone are classified as of Upper 
Triassic age by Smith,’* but Crickmay believes they should be referred 
to the Liassic (earliest Jurassic). 

Jurassic vulcanism.—In the sections referred to above, several char- 
acteristics stand out. One of these is the abundance of dark or black 
shales (or slates), and the other is the widespread distribution of volcanic 
materials. Crickmay believes that it is possible to date the times of vol- 
canic outbursts which are responsible for such materials. He finds that 
tuffs and flows are particularly abundant in early Middle Jurassic time 
and again in late Middle Jurassic time. A third cycle of active vulcan- 
ism appears to have marked the close of the period. 


ROCKY MOUNTAIN SEA 


General character—The Rocky Mountain States seem to have been the 
site of continental deposition during Lower Jurassic time as well as dur- 
ing most of Middle Jurassic time. Later, however, marine conditions 
prevailed as far south as southern Utah. The continental formations 
have been named Wingate, Todilto, and Navajo by Darton. They are 
typically developed in northern Arizona and adjacent portions of New 
Mexico, Nevada, Utah, and Colorado. In southwestern Colorado they 
seem to be represented in the upper part of the Dolores of Cross and of 
Coffin, and in eastern New Mexico the Exeter sandstone seems to be 
equivalent to some or all of them. When traced toward the north they 
correspond most closely to the Higham, the Deadman, and the Wood of 
southeastern Idaho and to a portion of the Ankareh in adjacent regions. 
In some places the name, Nugget, is used for the upper part of this 


sequence. 


4J,. P. Smith: Upper Triassic marine invertebrate faunas of North America. U. S. 
Geol. Survey Prof. Pap. 141, 1927. 
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In the Navajo country of northeastern Arizona these formations reach 
a thickness of 1150 feet, according to the most recent data furnished by 
Reeside and Baker.’® In southern Utah a thickness of about 2000 feet is 
commonly found, and still farther west, in southeastern Nevada, the 
equivalent Aztec sandstone, named by Hewett, is 2100 feet thick. East- 
ward from the Navajo country the thickness decreases notably, being 1100 
feet in the Zuni uplift and thinning to a bare 100 feet in eastern New 
Mexico. Over the whole area the prevailing characteristics of the Wingate 
to Navajo sequence (or its equivalents) is the massiveness of the sand- 
stones, their large scale cross-bedding, and the lithologic peculiarities of 
the sand grains. Therefore, correlations can be attempted despite the 
absence of fossils. That such correlations were not simple is indicated 
by the marked discrepancies in sections described by different geologists, 
who confused not only the Jurassic formations, but also younger and 
older formations with them. The San Rafael Swell section,’® in which 
there is an unusually complete sequence of both the early continental sedi- 
ments and the later marine sediments, apparently cleared up this con- 
fusion. There, the Navajo sandstone is 500 feet feet thick and consists of 
light gray sandstone; the Todilto is 200 feet thick and consists of green- 
ish sandstone and red shale; and the Wingate is 400 feet thick and con- 
sists of buff, pink, and gray sandstone. Reeside later examined practi- 
cally all the previously described sections and redefined the limits of 
the Jurassic and the Triassic formations in them.1? 

In the San Rafael section the Upper Jurassic rocks were named Sum- 
merville, Curtis, Entrada, and Carmel. They contain some marine fossils 
and can, therefore, be directly correlated with the equivalent rocks farther 
north. These four formations total 1150 feet in thickness and consist of 
sandstone, shale, conglomerate, limestone, and gypsum. Red and green 
colors arecommon. When traced northward they appear to be the equiva- 
lents of the Twin Creek, the Preuss, and the Stump formations, described 
by Mansfield, from southeastern Idaho. This unusually fine and inter- 
esting section is the thickest and also the most complete section of Jurassic 
rocks in the Rocky Mountain Sea area.** The Upper Jurassic alone has 


15 J, B. Reeside, Jr., and A. A. Baker: Correlation of the Permian of southern Utah, 
northern Arizona, northwestern New Mexico. and southwestern Colorado. Bull. Assoc. 
Petroleum Geologists, vol. 13, 1929, pp. 1413-1448. 

1% J, B. Reeside, Jr., and James Gilluly: Sedimentary rocks of the San Rafael swell 
and some adjacent areas in eastern Utah. U. S. Geol. Survey Prof. Pap. 150, 1928, pp. 
61-110. 

17 J, B. Reeside, Jr., and A. A. Baker: Op. cit., p. 1418ff. 

1G, R. Mansfield: Geography, geology, and mineral resources of the Portneuf Quad- 
rangle, Idaho. U. S. Geol. Survey, Bull. 803, 1929. Geography, geology, and mineral 
resources of part of southeastern Idaho. U.S. Geol. Survey Prof. Pap. 152, 1927. 
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a thickness of 5400 feet, and if the Nugget, the Wood, the Deadman, and 
the Higham formations are added, the total becomes 7350 feet. The 
Stump formation consists of sandstone, containing fossils. Below it lies 
the Preuss sandstone without fossils, but it, in turn, rests upon the 
fossiliferous Twin Creek formation. This formation, 3500 feet thick, 
is composed of thin-bedded limestones. It corresponds very closely to 
the Ellis formation of Montana. 

Between southeastern Idaho and northern Montana a_ profound 
unconformity gradually eliminates the Lower Jurassic rocks, then the 
Triassic, the Permian, and the Pennsylvanian, until, in the Sweetgrass 
arch, the Mississippian limestone (Madison) forms the foundation for 
the Ellis. Largely on account of this unconformity, the thickness of the 
Ellis is much reduced, so that it rarely exceeds 500 feet in Montana. In 
southern Canada the Ellis becomes the Fernie. This formation is 2800 
feet thick along the foot of the Rocky Mountains but rapidly becomes 
thinner, until it dwindles to 300 feet in deep wells at Medicine Hat and 
at Regina. Its prevailing lithologic character is dark to black shale, but 
toward the western source some sandstones, and even conglomerates, are 
reported. 

East Side—When the Jurassic formations of southeastern Idaho are 
traced eastward, a rapid thinning is apparent. Indeed, over most of 
Wyoming the total thickness reported for the system is rately more than 
500 feet, and along the eastern border of the State it is only 250 feet. 
There, the name, Sundance, has been used, following Darton’s classifica- 
tion in the Black Hills. His numerous sections, described in folios of 
quadrangles surrounding the Black Hills and as far west as the Bighorn 
Mountains, show from 250 to 500 feet of Jurassic rocks. The strati- 
graphic relationship between the Sundance of the eastern side and the 
equivalent formations on the western side of the depositional basin is well 
brought out by the cross-sections published by Bartram.’® He also states 
that the petroleum geologists divide the Sundance into four members, with 
the Upper Sundance consisting of gray and green shale; the Middle Sun- 
dance, of red shale; the Lower Sundance, of gray shale, limestone, and 
gypsum ; and with the Nugget sandstone at the base. The Nugget can be 
traced across the entire basin by means of its peculiar lithology. It is the 
basal red sandstone of Darton’s section and produces the oil in the Salt 
Creek, the Lost Soldier, and the Iles fields. 


2” J. G. Bartram: Triassic-Jurassie Red Beds of the Rocky Mountain Region. Jour. 
Geol., vol. 38, 1930, pp. 335-345, 668-671. 
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The Sundance can be traced along the Rocky Mountain Front, from 
southeastern Wyoming southward into Colorado. According to detailed 
measurements of Lee, it varies from 40 to 230 feet and can be identified 
as far south as the latitude of Denver (latitude 39° 10’). 

Malone Mountains.—Jurassic rocks are well developed in Mexico and 
have been described in a number of publications by both Bése and 
Burckhardt. These rocks evidently reach into the southwestern part 
of Texas, for Cragin described them from studies at the Malone Moun- 
tains.2° There, they consist of limestone, shale, sandstone, gypsum, 
and conglomerate. Fossils are quite plentiful and prove the identification 
beyond any reasonable doubt. 


CoMANCHEAN SYSTEM 
GENERAL STATEMENT 


In the United States, rocks of Comanchean age appear on the surface 
or under cover of younger rocks in three distinct and widely separated 
areas. Along the Atlantic coast they occur in a rather narrow strip ex- 
tending from Long Island southward to the northeastern part of North 
Carolina. West of the Mississippi River they cover a wide strip of coun- 
try, reaching from approximately longitude 112°, on the west, to longi- 
tude 98°, on the east. This area is now occupied by the high ranges of 
the Rocky Mountains and by the Great Plains. It extends southward to- 
ward the present Gulf of Mexico and widens out considerably where it 
crosses Texas and Louisiana. Nevertheless, Comanchean strata seem to 
be confined to the western side of the Mississippi River, even in the ancient 
ancestral Gulf embayment, for none has been reported from Mississippi 
or Alabama. 

PACIFIC SEA 


During Comanchean time the Pacific Ocean covered a rather narrow 
strip of western North America, according to the information now avail- 
able. Along the 49th parallel, Daly found a thick succession of sandstone, 
shale, limestone, and conglomerate, which he named the Pasayten. The 
lower portion of the formation contains fossils of Comanchean aspect, and 
therefore the lower portion of the 30,000 feet (estimated thickness) may 
be of that age. Russell had previously described the Similkameen forma- 


2 FF. W. Cragin and T. W. Stanton: Paleontology. of the Malone Jurassic formation of 
Texas. U. S. Geol. Survey Bull. 266, 1905, pp. 25-31. 


LV—BULL. Geot. Soc. AM., Vou. 44, 1933 
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tion from the Cascades of Washington, which has a lithologic character 
similar to that of the Pasayten and may be of the same age. 

In .Oregon, rocks of Comanchean age have been reported from the 
southwestern part of the State by Diller, both in the Roseburg quad- 
rangle and in the Coos Bay quadrangle. There, they are called Myrtle, 
consist of conglomerate, sandstone, shale, and limestone, and yield char- 
acteristic fossils. In the Riddle quadrangle nearby, Diller and Kay 
studied similar rocks, which they named (after California localities), the 
Horsetown and the Knoxville. The former is 400 feet thick and the 
latter, 1000 feet thick. Both are made up of clastic materials. The 
angular unconformities discovered at the base of the Myrtle and of the 
Knoxville are evidence of the Nevadian revolution, which apparently 
brought up the Klamath Mountain massif. It was probably land during 
Comanchean time. 

South of the Klamath massif the Pacific Ocean covered about one-third 
of the State of California. The Knoxville formation, with a thickness 
of 1000 feet, is reported from the San Francisco quadrangle, where it 
consists of shale, sandstone, and limestone. In the Santa Cruz quad- 
rangle, Arnold found only clastic materials in the Knoxville, for which 
he reports a thickness of 100 feet (latitude 37°, longitude 122°). In 
the San Luis quadrangle the Knoxville is 3000 feet thick, consists of 
clastic rock fragments, and contains fossils establishing its age. Pack 
and English,” in their report on the Coast Ranges of California, state 
that the Comanchean Shasta formation is found only on the northeast 
side of the San Andreas rift and that it rests with angular unconformity 
on the Franciscan below. Such relationships appear to indicate that the 
San Andreas fault is an ancient tectonic feature and dates from pre- 
Comanchean time. 

ROCKY MOUNTAIN SEA 


The epeiric seas of Comanchean time do not appear to have invaded 
the Rocky Mountain area extensively, if at all. Marine conditions existed 
in the Gulf States and reached up into Oklahoma and southern Kansas, 
as well as into far-western Texas and adjacent portions of New Mexico 
and southeastern Arizona. Farther north, in New Mexico, Colorado, 
Utah, Wyoming, South Dakota, North Dakota, and Montana, continental 
conditions characterized Comanchean time. 

At the northern end of the area the name, Kootenai, is usually applied. 
The formation consists of shales and sandstones with occasional thin coal 


21R, W. Pack and W. A. English: Geology and oil prospects in Waltham, Priest, Bitter- 
water, and Peachtree valleys, Calif. U. S. Geol. Survey Bull. 581, 1915, pp. 119-160. 
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beds. The shales are quite commonly varicolored. In thickness the 
Kootenai varies from over 1000 feet near Monzonia to an average of about 
400 feet away from the source of sediments. In western Montana it crops 
out extensively, owing to the disturbed condition of the strata. Farther 
east it passes under a thick cover of Tertiary rocks, but it has been identi- 
fied in some deep wells, and finally it reappears in the Black Hills of South 
Dakota as well as in the Big Horn Mountains of north central Wyoming. 
In both these places the equivalent strata have been named by Darton. In 
the Black Hills the names, Fuson, Lakota, and Morrison, are used, 
whereas in the Big Horn Mountains the first two are part of the Cloverly. 
The lower Cloverly in the Billings region of south-central Montana con- 
sists of 45 feet of basal conglomerate of black chert pebbles, above which 
lie 180 feet of shale. This description corresponds to that of the Fuson 
and the Lakota in the outcrops farther east, southeast, and south. Indeed, 
these two stratigraphic units, with the Morrison below, produce the most 
reliable and widespread key horizons in the Rocky Mountain States. They 
cannot be traced westward, however, because there, near-shore conditions 
produced a greater interfingering of materials. This condition is partic- 
ularly noticeable in the sections described from points west of longitude 
109°. 

Of peculiar significance in this connection is the section described by 
Mansfield from southeastern Idaho. There, the Gannett is described as 
being 3200 feet thick, with a basal conglomerate and much clastic 
material. The Wayan formation above it is nearly 12,000 feet thick and 
is also characterized by much coarse clastic rock. These unusual thick- 
nesses stand in striking contrast to those of Comanchean rocks elsewhere. 
If the Gannett formation with its 3200 feet be considered the equivalent 
of the Kootenai, then the Wayan becomes the equivalent of the thick 
Cretaceous section of western Wyoming. Stratigraphically, this inter- 
pretation appears probable. Another confusing section is that described 
by Schultz from southwestern Wyoming. His Beckwith formation ap- 
pears to be, in part, the equivalent of the Kootenai and other Comanchean 
strata. 

When traced southward from Wyoming, the Cloverly or its equivalents, 
the Lakota and the Fuson, can be recognized in nearly every section. In 
northern Colorado the Morrison commonly underlies them, but in western 
Colorado the Gunnison formation either replaces the Morrison or repre- 
sents the whole Comanchean system. In southeastern Colorado, Stose 
applied the name, Purgatoire, to the Fuson and the Lakota formations. 
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In southwestern Colorado the upper portion of the McElmo formation 
is the equivalent of these. In eastern Utah the Morrison is typically 
developed with its varicolored shales, but the overlying Comanchean is 
hard to differentiate from the Dakota. 

Still farther south, in New Mexico, the Comanchean formations lose 
their distinctive character. Darton, in his summary of the geology of 
New Mexico, has described various formations in different parts of the 
State, all of which belong stratigraphically to Comanchean time. In the 
Zuni uplift of the northwestern part of the State the McElmo is 150 feet 
thick and has the lithology of the Morrison formation. In the Las Vegas 
syncline, farther east, the Purgatoire is not separable from the Dakota, 
according to Darton. In the southwestern part of the State, near Silver 
City, Darton reports the Sarten sandstone, and a few miles farther south, 
near Deming (in Luna County), the Sarten is underlain by Comanchean 
limestone. 

In this part of the State the influence of marine conditions is indicated 
by limestone. Indeed, only a few miles southeast of Deming, at El Paso 
(in extreme western Texas), it is possible to differentiate the typical 
Washita and the Fredericksburg of the Gulf Sea. West of the Deming 
area, in the southeastern portion of Arizona, the Comanchean system be- 
comes much thicker and coarser than usual, indicating an approach to a 
high land area. There, the system was named Glance, has a thickness of 
6000 feet, and consists of sandstone, shale, limestone, and conglomerate. 
The basal conglomerate is very interesting, as it contains pebbles of many 
different types of rock.?* 


GULF SEA 


The ancient shore line of the marine waters of the Gulf Sea during 
Comanchean time seems to have followed a line northeastward from El 
Paso through Roswell, Amarillo, and the Panhandle of Oklahoma, into 
southwestern Kansas. Outcrops are rare in this stretch, but in south- 
western Kansas are the well known ones near Belvidere and at Avilla Hill. 
These have been ably described by Bullard and by Twenhofel. The coarse, 
cross-bedded sandstone at the base has been named Cheyenne and the 
dark shales above it, the Kiowa. Farther northeast, in central Kansas 
(McPherson and Saline counties), the equivalent strata were named the 
Mentor beds. Marine fossils are rather abundant, both in the Kiowa 
shales and in the Mentor beds. 


22, C. Schrader: Mineral deposits of the Santa Rita and Patagonia Mountains, Ari- 
zona. U.S. Geol. Survey Bull, 582, 1915, p. 44. 
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By means of a few outliers these beds can be traced southward through 
western Oklahoma, according to Bullard, into the typical section described 
by him on the south side of the Arbuckle Mountains in south-central Okla- 
homa. In Marshall County, Bullard found about 1000 feet of Coman- 
chean rocks consisting of shales, sandstones, and limestones, representing 
the three series of the Gulf Sea. As shown by the isopachs in Figure 3, 
the thickness of the system increases from northwest to southeast. In 
central and in southern Texas the Washita, the Fredericksburg, and the 
Trinity divisions are generally present. They have been recorded in the 
studies made of many deep wells drilled in search for oil. One well, in 
Upshur County in northeastern Texas, penetrated over 2500 feet of 
such rocks.”* Wells in Bexar County passed through 2685 feet of Coman- 
chean strata into the pre-Cambrian schists below. At Luling, nearby, the 
system was found to be 2800 feet thick, and below it also the drill entered 
pre-Cambrian rocks. The greatest thicknesses so far reported are in 
Uvalde and Maverick counties (latitude 29°, longitude 100°) in southern 
Texas. Deep wells in Uvalde encountered over 3100 feet of such rocks, and 
in Maverick County they failed to reach the base after penetrating into 
them for 5100 feet. The Washita and the Fredericksburg series are not 
abnormally thick, but the Trinity portion is exceptionally so. The ap- 
pearance of black shale and dolomite in the system is surprising. 

In southern Arkansas the Comanchean rocks overlap older strata in the 
Ouachita Mountains. Furthermore, the lowest, or Trinity, series over- 
laps the farthest. It has a thickness varying from 80 to 1000 feet in the 
Caddo Gap quadrangle, according to Miser. Sandstone, shale, limestone, 
and gravel make up the Trinity in this part of the Gulf Sea. In the 
Stephens oil field the series has thickened to over 2500 feet. Across the 
line, in northern Louisiana, lies the Sabine uplift and the famous Caddo 
oil field. There, the series is probably 6100 feet thick, with the Trinity 
again the thickest. The lithologic character of the Trinity is also unusual, 
for it contains much anhydrite and much red shale. In the Richland oil 
field, deep wells have penetrated over 3500 feet of Comanchean rocks, 
and about the same thickness in the Bellevue field. These figures must be 
used with caution, however, for it is well known that an angular uncon- 
formity exists between the Cretaceous and the Comanchean on and around 
the Sabine uplift, and it is not difficult to see why, when the strata may be 
standing at steep angles, excessive thicknesses would be reported. 


23 Wade No. 1, drilled by Amerada Petroleum Co. 
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ATLANTIC SEA 


Lower Cretaceous rocks were described many years ago from the At- 
lantic Coast. Their abundant fossil remains and the valuable economic 
deposits found in them attracted the attention of geologists nearly 100 
years ago. The area within which they have been found is not large. It 
extends from Long Island southward through New Jersey, Maryland, and 
Virginia into northeastern North Carolina. 

The names used for the subdivisions of the Comanchean in that part of 
the United States are Patapsco, Arundel, and Patuxent. Sometimes the 
name, Potomac, is applied to these as a group, or series, name. 

Only the Patapsco is reported from southeastern Pennsylvania. It con- 
sists chiefly of clay, which is characterized by bright colors. In northern 
Delaware both the Patapsco and the Patuxent are reported from the Elk- 
ton and the Wilmington quadrangles. The former is 200 feet thick and 
the latter 125 feet thick. The Patuxent is made up for the most part, of 
rather coarse and arkosic sand, but some clay is present, and there is 
usually a basal gravel. In reporting on the plants, Berry states that the 
fossil leaves prove the Comanchean age of these beds, and that they are 
best correlated with the Morrison of the West. 

In the Patuxent quadrangle of eastern Maryland (latitude 39°, longi- 
tude 77°) all three subdivisions are present. The Patapsco is 100 feet thick 
and is represented by bright-colored clays; the Arundel varies from almost 
nothing to 125 feet and also consists of clay; and the Patuxent is 340 
feet thick and is composed of arkosic sand. In the Nomini quadrangle 
the system is about 350 feet thick, and in the Tolchester quadrangle it 
is 450 feet thick. 

On the coastal plain of Virginia, Berry reports the Patapsco with a 
thickness of 150 and the Patuxent with a thickness of 300 feet. He 
further states that the lowest portion of the system contains much mica 
from the underlying pre-Cambrian and probably represents old soil ma- 
terial reworked in Comanchean time. In the deep well at Fortress Mon- 
roe, in the Norfolk quadrangle, the Comanchean may reach a thickness 
of 1300 feet. 


CRETACEOUS SYSTEM 

GENERAL STATEMENT 
During the Cretaceous period the North American continent was sub- 
merged for the last time by an extensive epeiric sea. Large portions of 
the United States west of the Mississippi River were covered by marine 
waters. Nevertheless, there is evidence of the existence also of a large 
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land mass in that part of the country, and its boundaries are fairly well 
known. It coincided approximately with the stippled area on the map 
(Figure 4) called Westland. Not only is this fact indicated by the present 
distribution of Cretaceous rocks, but also by their thickness, variations, and 
especially by their lithology. Indeed, it is necessary to assume that West- 
land was an actively rising land mass throughout the time span of the 
period ; otherwise, it would be impossible to explain the extremely large 
cubic volume of clastic materials which now make up the system in the 
Rocky Mountain States. Rarely in geologic history have sediments of 
such thicknesses been laid down, for a thickness of 12,000 feet is common, 
and nearly 18,000 feet has been reported in parts of Wyoming. As these 
great thicknesses consist of shallow-water deposits (both marine and fresh- 
water), a subsidence of like amount must be postulated. Subsidence of 
the Rocky Mountain geosycline no doubt went on simultaneously with the 
uplift of Westland. 

For the sake of convenience in this discussion the three large areas 
of deposition will be called the Pacific Sea, the Rocky Mountain Sea, and 
the Atlantic-Gulf Sea. Different formation names have been used in 
each of these areas. Also, the conditions of sedimentation and the 
subsequent geologic history in each have been different. For these reasons 
the separation is logical as well as convenient. 


PACIFIC SEA 


During Cretaceous time the Pacific Ocean encroached on the North 
American continent along a relatively narrow zone from Alaska south- 
ward into Mexico. In the United States this zone has an average width 
of about four degrees of longitude. It includes western Washington, 
western Oregon, and the western half of California. The tectonic element 
of Klamath, which reached considerable height as a result of the orogenic 
movements closing the Jurassic period, seems to have remained above 
water as an island. As no Cretaceous rocks are reported from the area 
southwest of Klamath, that portion of California also was, in all prob- 
ability, a land mass. 

Inasmuch as the rocks in the Pacific Sea area have been greatly dis- 
turbed since their formation, the attempts to measure their thickness have 
not been very successful. Large figures are usually given for the thick- 
ness, but these should be accepted with caution. For instance, along the 
international border (49th parallel) Daly found thick accumulations of 
clastics, in some of which Cretaceous fossils were collected. He gave the 
formation the name, Pasayten, and assigned to it a thickness of 15,000 
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feet. On Vancouver Island, Clapp described 5000 feet of similar clastics 
under the name of Nanaimo formation. 

In the State of Washington, Russell found Cretaceous rocks in the Cas- 
cade Mountain area, which he named the Winthrop formation. It is about 
2000 feet thick and consists of arkose and sandstone, in which some 
fossils of the system occur. The distribution of these rocks over the rest 
of the State is still unknown because of the thick cover of Tertiary sedi- 
ments in the west and the thicker cover of igneous flows in the eastern part. 
They reappear prominently on the flanks of the Klamath tectonic element 
in southwestern Oregon, where they were extensively studied by Diller and 
later by Kay. According to their reports, only clastic materials are in- 
cluded in the system, and the thickness does not vary much from 200 feet. 

On the southeastern side of the Klamath area, Diller found similar rocks 
with a similar thickness. These he called the Chico formation, a name 
which is used in the rest of the State farther south, as well as in the south- 
ern part of Oregon. The Chico is from 2000 to 6000 feet thick in the 
region about San Francisco, according to Lawson, and reaches a thickness 
of 10,000 feet in the San Cruz quadrangle, according to Arnold. The 
rocks of the Coast Ranges were described by English and Pack, who state 
that the Chico is limited to the northeastern side of the San Andreas rift, 
where it attains a maximum of 4800 feet. In the San Luis quadrangle 
(latitude 35°, longitude 121°) Fairbanks found that the Chico rests with 
angular unconformity on older rocks, including the Knoxville, of Coman- 
chean age. North of Los Angeles the thickness is 5500 feet, and in the 
Santa Monica Mountains, northeast of Los Angeles, Hoots found ap- 
proximately 8000 feet of Chico clastics. 


ROCKY MOUNTAIN SEA 

During the Cretaceous period the Arctic Ocean gradually spread south- 
ward into the present western Canada and the Rocky Mountain States. 
Indeed, it seems to have merged with the Gulf of Mexico through what is 
now the republic of Mexico, although it is difficult to correlate the forma- 
tions of the latter country with those in the United States. This great 
epeiric sea stretched from Monzonia (longitude 113°), on the west, to 
points in Minnesota (longitude 95°), on the east. It covered nearly all of 
Montana, Wyoming, the Dakotas, Nebraska, and Colorado, besides large 
portions of Kansas, Utah, New Mexico, and Arizona. As the land mass of 
Westland came up, the geosynclinal sea sank, so that, near the borders of 
the two, enormous thicknesses of mud and sand were accumulated. Inas- 
much as the sediments came chiefly from this land mass, coarse sediments 
occupy most of the section on the western side of the sea, and finer ma- 
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terials appear in the section toward the east. This situation has given rise 
to much miscorrelation of lithologic units, so that at the present time it is 
impossible to compare the sections described by different geologists. Sev- 
eral attempts have been made by members of the United States Geological 
Survey to bring the various described sections into harmony. Notable 
among them are the recent publications of Lee and of Reeside. The former 
concentrated on the most valuable key horizon in the whole sequence, 
the Dakota formation.** He traced the Dakota from the Front Range of 
the Rockies in central Colorado, northward and northwestward to the 
Big Horn and the Wind River mountains. He showed that over a 
large part of that region can be traced a fivefold lithologic unit that 
consists of three sandstones with two shale zones between them. The 
lowest of these is the Dakota sandstone, which in many places is charac- 
terized by its coarseness and by the presence of chert pebbles. The middle 
sandstone is the one usually called the Dakota by geologists in the Rocky 
Mountain States, and the upper sandstone is the so-called “Muddy” sand 
of the petroleum fields. A typical sequence of these units may be seen 
in the north wall of Soldier Canyon, near Loveland, in north-central 
Colorado. There, the upper sandstone is 41 feet thick; the upper shale 
zone, 234 feet; the middle sandstone, 12 feet; the lower shale zone, 32 
feet; and the lowest sandstone, 36 feet thick. The thickness of the in- 
dividual units in this sequence varies somewhat, and the total thickness 
also varies, but the correspondences over wide areas are remarkable. 
West of longitude 109° the identity of the sequence becomes lost, and 
probably some part of the Kootenai takes its place in Montana and in 
Wyoming. In Utah only one sandstone is prominent at this horizon, and 
it becomes impossible to decide which one. The same is true toward the 
southwest, in New Mexico and Arizona. Eastward from longitude 103° 
it is equally difficult to find correlatives for Lee’s lithologic units. A 
number of wells have been drilled in eastern Colorado, western Kansas, 
and western Nebraska. In these, certain sandstones and shales occur at 
the level of the Dakota horizon, but it is not possible to correlate them 
at present with the section that crops out in the foothil’s of the Rockies. 
Tester has recently spent much time and study on the Dakota at the type 
locality and has traced it into Nebraska and central Kansas.*5 His con- 


2% W.T. Lee: Correlation of geologic formations between east-central Colorado, central 
Wyoming and southern Montana. U. S. Geol. Survey Prof. Pap. 149, 1927. 
: Continuity of some oil-bearing sands of Colorado and Wyoming. U. S. Geol. 
Survey, Bull 751, 1925, pp. 1-22. 

2% A.C. Tester: The Dakota stage of the type locality. Iowa Geol. Survey, Ann, Rept. 
35, 1929, pp. 195-284. 
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clusions are enlightening and helpful to those geologists engaged in 
seeking oil in western Kansas and in adjacent States. 

The stratigraphic section of the Cretaceous system above the Dakota 
consists of a monotonous sequence of alternating sandstones and thicker 
shale zones. The names used for these are shown in the table on page 852. 
In the northwestern part of the Rocky Mountain Sea area the units usually 
defined are Lance, Bearpaw, Judith River, Clagget, Virgelle, and Colo- 
rado. They are used in Montana north of latitude 46° and west of longi- 
tude 107°. In the Kevin Sunburst oil field and surrounding areas these 
formations have a thickness of about 5400 feet, according to Perry. In 
the Birch Creek area, farther west, the name, Horsethief, is used instead 
of Lance, and the name, Two Medicine, is used instead of Judith River 
and Claggett. 

In the Billings region, Knappen and Moulton introduce subdivisional 
names for the Montana and the Colorado groups and use the name, Grey- 
bull, instead of Dakota. 

In Wyoming a number of different sets of names are used for this part 
of the Cretaceous system. The names, Laramie, Lewis, Mesaverde, Man- 
cos, and Dakota, are used rather frequently and, therefore, are given in 
the table of formation names on page 852 for the western part of the Rocky 
Mountain Sea. Sometimes, other names are substituted for the Laramie, 
the Lewis, and the Mancos. In eastern Wyoming and areas adjacent to 
the Black Hills the names, Laramie, Fox Hills, Pierre, Niobrara, Benton, 
and Dakota, are rather widely used. They are, therefore, listed in the 
table for the eastern part of the Rocky Mountain Sea. In the Big Horn 
Mountains, Darton has used the names, DeSmet, Kingsbury, Piney, Park- 
man, Pierre, Colorado, and Cloverly, and states that the total thickness of 
these exceeds 14,000 feet. This is one of the thickest sections recorded in 
the literature and may include some portions of the doubtful transition 
beds at the top, regarding which there has been much controversy. Such 
doubtful beds may also explain the remarkable thickness of 17,700 feet 
reported by Bowen for the Hanna basin in south-central Wyoming.”® 

In the southwestern part of Wyoming, Schultz used the names, Ada- 
ville, Hilliard, Frontier, Aspen, and Bear River. Reeside has worked out 
the equivalents of these on the basis of floras and faunas and found that 
the uppermost one contains a Fruitland fauna; the Hilliard, a fauna 


°C, F. Bowen: Stratigraphy of the Hanna Basin, Wyo. U.S. Geol. Survey Prof. Pap. 
108, 1918, pp. 227-235. 

Cc. E. Dobbin, C. F. Bowen, H. W. Hoots: Geology and coal and oil resources of the 
Hanna and Carbon basins, Carbon County, Wyoming. U. 8S. Geol. Survey, Bull. 804, 
1929. 
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which includes Montana, Niobrara, and Carlile elements; and the three 
lowest formations contain a pre-Carlile fauna.** 

In eastern Utah and western Colorado the names listed for the western 
side of the Rocky Mountain Sea are rather commonly used, except that 
the upper three may be classed together as the Mesaverde. Inasmuch as 
the approach to the old land mass and the source of fragments lay in that 
part of the sea, it is easy to see why the sandy phases of the upper part of 
the section should be classed as Mesaverde, because, in its typical outcrops, 
the Mesaverde consists of sandstones. In Blacktail Mountain, on the 
south side of the Uinta Mountains (latitude 40° 30’, longitude 111°), 
Lee used the names in that manner. Similarly, in the Wellington quad- 
rangle and in the adjacent Castlegate and Sunnyside quadrangles, Frank 
Clark also used these names. The Mesaverde, the Mancos, and the Dakota 
formations have a thickness of about 7200 feet in this part of the Rocky 
Mountain Sea. Reeside has stated that the Mesaverde corresponds, in 
part, to the Laramie, farther east.** He also correlated the formations 
described by Spieker for the Wasatch plateau, to the west and southwest 
of the quadrangles mentioned above. The thickness of the three forma- 
tions is about the same as it is farther northeast. 

Cretaceous rocks of southwestern Utah have been described by Lee.*® 
At Maple Creek he found only 2900 feet of sandstone and shale. In the 
Mount Carmel quadrangle nearby, Richardson distinguished the Montana, 
the Colorado, and the Dakota (?) subdivisions, with a similar thickness. 
Still farther east, in south-central Utah, a new set of names was intro- 
duced by Gregory and Moore, but these names are correlated by Reeside 
with the standard section. ’ 

One of the interesting sections in Colorado is that of Vermillion Creek, 
in the northwestern corner of the State. This was described by Sears, 
who used the names of the western sequence and assigned to them a thick- 
ness of 14,000 feet. A number of nearby quadrangles have been described 
in the publications of the United States Geological Survey. In many of 
these only the names, Mesaverde, Mancos, and Dakota, are used. In the 
southwestern part of the State, Reeside described the stratigraphic section 
in great detail, establishing a number of subdivisional names, and intro- 


“H. E. Gregory and R. C. Moore: The Kaiparowits region, a geographical and geologi- 
cal reconnaissance of parts of Utah and Arizona. U. S. Geol. Survey Prof. Pap. 164, 
1931, p. 113. 

°K. M. Spieker and J. B. Reeside. Jr.: Cretaceous and Tertiary formations of the 
Wasatch Plateau, Utah. Bull. Geol. Soc. Am., vol. 36, 1925, p. 451. 

2” W. T. Lee: Relation of the Cretaceous formations to the Rocky Mountains in Colorado 
and New Mexico. U. S. Geol. Survey Prof. Pap. 95, 1916. 
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ducing some new names, especially for the Mesaverde unit. The thickness 
there is given as 6100 feet. 

Along the Front Range of the Rocky Mountains and farther east in 
Colorado the names listed for the eastern side of the Rocky Mountain Sea 
are commonly used. Near Fort Collins a thickness of 12,000 feet is re- 
ported, but elsewhere the thickness is less. In North Park, for instance, 
Beekly reports 5500 feet, and in the Castle Rock quadrangle (between 
Denver and Colorado Springs) Finlay reports 5200 feet. In deep wells, 
toward Kansas, the thickness becomes less, being only 2600 in the Phillips 
well in Yuma County. 

In the foothills of the Sangre De Cristo Mountains of south-central 
Colorado the names, Vermejo, Trinidad, Pierre, and Apishapa, are used. 
The thickness there is about 3500 feet. Farther south and southwest, in 
New Mexico, many sections are described by Darton, who uses the names, 
Mesaverde, Mancos, and Dakota. In the Sandia-Manzano Mountains he 
found the system to be 3900 feet thick and in the Zuni uplift of north- 
western New Mexico, 3000 feet thick. 

In adjacent parts of eastern Arizona, Cretaceous rocks have been found 
at a few places. They are 2100 feet thick in the northeastern part of the 
State. South of Holbrook they have a thickness of from 500 to 1500 feet. 
Near Ash Creek in Gila County, Ross found fossils in conglomerate and 
tuff. At Aravapai he found Benton fossils in similar materials. Near 
Clifton, Lindgren reports the Pinkard shale, which is black in color and 
has sandstone beds within it. This also contains Benton fossils. At 
Pinedale (latitude 34° 15’, longitude 110° 30’) Lee discovered some 500 
feet of coal-bearing Cretaceous rocks. The Glance conglomerate, found 
near the Mexican order, may also be, in part, of Cretaceous age. Farther 
east, in the El Paso quadrangle of extreme western Texas, Richardson 
found 25 feet of drab shale above Comanchean limestones. 


GULF SEA 


Western side.—During Cretaceous time the Atlantic Ocean covered the 
border tracts of the eastern States and the Gulf States. Four sets of 
names are widely used for the sediments laid down in this sea. These 
are shown in the table of formation names on page 852. In the Gulf area 
the broad alluvial zone of the Mississippi River has produced a barrier 
for correlation, and therefore one set of names is used west of the 
Mississippi River and another, east of it. 

The area west of the Mississippi River that was subject to Cretaceous 
sedimentation comprises the eastern half of Texas, the southern and the 
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eastern portions of Arkansas, the southeastern tip of Missouri, and all 
of Louisiana. Subsidence was of such nature that the system is quite 
thin at the northern end of the Mississippi embayment and thickens 
toward the present Gulf of Mexico. The greatest thickness reported 
in the literature is 4850 feet in Maverick County, southern Texas.*° Van- 
derpool lists the Navarro, the Taylor, the Austin, and the Eagle Ford 
in a deep well drilled in Maverick County. The next county to the east 
is Uvalde, and there the system is 2100 feet thick. All formations take 
part in the thinning, but the Navarro shows the greatest loss. Still 
farther east, in Bexar County, Sellards found the same subdivisions of 
the system with a thickness of only 1285 feet, but in the Luling oil 
field, described by Brucks,** the system is 1600 feet thick. 

Near Waco, in McLennan County, Adkins found the system to have 
a thickness of 1869 feet, and here the Woodbine appears beneath the 
Eagle Ford. A deep well, drilled northeast of Waco, in Rusk County,°? 
encountered a total thickness of 1370 feet down to the Tokio sand (the 
Eagle Ford and the Woodbine are missing there, as the locality is on the 
flank of the Sabine uplift). 

In northeastern Louisiana, on the high part of the Sabine uplift, 
Shearer and Hutson report the Navarro, the Taylor, and the Tokio sub- 
divisions, with a total thickness of 1800 feet, resting with an angular 
unconformity on the lower portion of the Comanchean system. In the 
Bellevue oil field nearby, deep drilling has revealed a thickness of 1550 
feet for the system, but there the Eagle Ford and the Woodbine are 
again present. In the Richland gas field (latitude 32° 15’, longitude 
92°) the Navarro, the Taylor, and the Tokio are reported to be 700 feet 
thick, but this may not include the complete system, because much igneous 
rock comes into the section there and causes difficulty in correlation. 

In southern Arkansas, Miser studied the Cretaceous rocks on the out- 
crop near Caddo Gap, where he found the system to have a thickness 
of 750 feet. Farther south in the Stephens oil field, Spooner reports 
a thickness of 1300 feet from the Arkadelphia down to the Woodbine ( ?) 
sand. 

Eastern side——Kast of the Mississippi River the names, Ripley, Selma, 
Eutaw, and Tuscaloosa, are generally used for the Cretaceous system. In 


% H. C. Vanderpool: Cretaceous section of Maverick County, Texas. Jour. Pal., 
vol. 4, 1930, p. 252. 

31 E. W. Brucks: Luling oil field, Caldwell and Guadalupe counties, Texas. Am. Assoc. 
Petroleum Geologists, vol. 1, 1929, p. 269. 

Texas Company No. 1 Goodwin, near Henderson. 
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the northern end of the Mississippi embayment the Selma formation 
seems to be missing, and the other three are quite thin. They were 
described for western Kentucky by Lamar and Sutton ** and for western 
Tennessee by Roberts.** In western Tennessee, Roberts found the Selma, 
but the Tuscaloosa is missing. The thickness there is nearly 1000 feet. 
In Hardin County, farther east (latitude 35°, longitude 88°), the Selma, 
the Eutaw, and the Tuscaloosa formations have a thickness of only 300 
feet, according to Jewell. 

In Mississippi the Cretaceous rocks are covered by a blanket of Ter- 
tiary and Quaternary rocks. However, a number of deep wells have 
been drilled in search of oil, so that information is available for the 
northern two-thirds of the State. Many of these wells were described 
and correlated by Grim ** and by Semmes,** and the reader is referred 
to their reports for further details. One well in Grenada County (lati- 
tude 33° 45’, longitude 90°) penetrated Selma, Eutaw, and Tuscaloosa 
to a depth of 1350 feet. Farther east only the Tuscaloosa appears in the 
section, and in Monroe County it has a thickness of 605 feet. In south- 
eastern Mississippi the Selma, the Eutaw, and the Tuscaloosa together 
are 1600 feet thick, as shown by a well in Louderdale County (latitude 
32° 15’, longitude 88° 30’). 

Semmes, in the same report, also described many deep wells drilled in 
Alabama. These show only the Tuscaloosa formation in the northwestern 
part of the State, with a thickness of 400 feet. An interesting well in 
Montgomery County (latitude 32° 15’, longitude 86° 10’) reveals 1900 
feet of the Cretaceous strata, and one in Pike County, about 2000 feet. 
In the southwestern corner of the State a deep well in Clarke County 
penetrated 2600 feet of such rocks. An interesting fact learned from these 
deep well records is that the Cretaceous rocks rest directly upon the 
pre-Cambrian. 

The same is true of a deep well drilled by the Ocala Oil Corporation 
in Marion County, Florida (latitude 29°, longitude 82°). This well, 
almost in the center of the Florida peninsula, penetrated 1430 feet of 
clay, limestone, and sandstone of Cretaceous age. These rocks rest upon 
mica schist and quartzite of pre-Cambrian age, which were penetrated a 
distance of 1680 feet before drilling ceased. In northwestern Florida 


33 J, E. Lamar and A. H. Sutton: Cretaceous and Tertiary of Kentucky, Illinois, and 
Missouri. Bull. Am. Assoc. Petroleum Geologists, vol. 14, 1930, p. 845. 

* J. K. Roberts: Tertiary stratigraphy of west Tennessee. Bull. Geol. Soc. Am., vol. 39, 
1928, p. 445. 

%*R. E. Grim: Recent oil and gas prospecting in Mississippi with a brief study of sub- 
surface geology. Mississippi Geol. Survey Bull. 21, 1928. 

3% DD. R. Semmes: Oil and gas in Alabama. Alabama Geol. Survey Spec. Rept. 15, 1929. 
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several deep wells went into the lower portion of the system without 
reaching the base. One of them, the Deckle well in Washington County, 
encountered Ripley, Selma, Eutaw, and Tuscaloosa strata with a thick- 
ness of 2550 feet. Fossils were found at a number of horizons so that 
the age of the beds is authentic. The upper formations consist largely 
of limestone, and the lower two consist of clay, with some sand. A 
nearby well passed through more than 2200 feet of similar strata. 


ATLANTIC SEA 


Along the Atlantic seaboard the Cretaceous seas covered the southern 
half of Georgia, southeastern South Carolina, eastern North Carolina, 
eastern Virginia, eastern Maryland, all of Delaware, southern New Jersey, 
and Long Island. The coastal plain sediments were described fully for 
the State of Georgia by Prettyman,*” who based his descriptions largely 
on those of Veatch and Stephenson. He reports a thickness of 1900 
feet for the Cretaceous system. The names used on the eastern side 
of the Gulf Sea (Ripley, Eutaw, and Tuscaloosa) were also used here. 
The Ripley is approximately 900 feet thick and consists of green sand, 
clay, and some limestone; the Eutaw is about 550 feet thick and con- 
sists of marine clays and sands; the Tuscaloosa is 375 feet thick and 
consists of sands, clays, and a basal gravel. That these strata dip rap- 
idly toward the present shore line is indicated by the fact that a well 
near Waycross (latitude 31° 15’, longitude 82° 15’) failed to reach the 
top of the system, although it went to a depth of 3022 feet. 

In North Carolina the system is divided into the Pedee (Selma), the 
Black Creek (Eutaw), and the Cape Fear (Tuscaloosa) formations. 
The correlations are by Wythe Cook,** who shows that the basal sands 
and gravels, which formerly were considered of Comanchean age, are 
the equivalent of the Tuscaloosa. A good correlation table was also 
prepared by Stephenson.*® In a deep well in Craven County 1650 feet 
of Cretaceous strata were penetrated before the bit entered pre-Cambrian 
materials. 

Farther north, in Delaware, Maryland, and New Jersey, the names, 
Rancocas, Monmouth, Matawan, Magothy, and Raritan, are generally 
. used. The thickness of the system varies from a small amount to nearly 


377. M. Prettyman and H. S. Cave: Petroleum and natural gas possibilities in Georgia. 


Georgia Geol. Survey Bull. 40, 1923. 
38 Wythe Cook: Correlation of the basal cretaceous beds of the Southeastern States. 


U. S. Geol. Survey Prof. Pap. 140, 1926, pp. 137-139. 
#7,, W. Stephenson: Invertebrate fossils of the upper Cretaceous formations. North 


Carolina Geol. and Econ. Survey, vol. 5, pt. 1, 1923, p. 36. 
LVI—BULL. Grou. Soc. AM., VoL. 44, 1933 
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600 feet. The materials are alternating sands and clays, with locally 
much glauconite and marl. In New Jersey the upper three formations 
are subdivided, on a lithologic basis, into the Redbank, the Navesink, 
the Mount Laurel, the Wenonah, the Marshalltown, the Englishtown, 
the Woodbury, and the Merchantville. The thickness of these forma- 
tions along the coast varies from 450 to 650 feet. 


SuMMARY 


When the four maps that accompany this article are compared, cer- 
tain relationships stand out which do not appear from a study of the 
individual maps. For instance, the epeiric seas of Triassic time covered 
nearly the same territory as those of Jurassic time, but are rather dif- 
ferent from those of Comanchean and Cretaceous time. The area which 
shows the greatest departure lies adjacent to the Gulf of Mexico. Con- 
tinental warping seems to have begun there at the close of the Jurassic 
period, probably coincident with the Nevadian revolution. In a broad 
way, it took the form of monoclinal tilting, allowing the southern part 
of Texas to subside over 9000 feet. A curious feature of this tilting 
is the fact that apparently all of it was localized in Comanchean time 
west of the longitude of the present Mississippi River, but later it involved 
all the Gulf States in about equal amount. The Cretaceous inundation 
has the earmarks of a eustatic rise of the strand line, whereas the 
Comanchean inundation seems to be more directly the result of differ- 
ential warping. The great change in the pattern of the seas after 
Jurassic time is due, according to Schuchert, to the inbreaking of the 
Gulf of Mexico. 

It is also remarkable that the greatest thicknesses in all four systems 
should appear in western Wyoming and adjacent regions. This seems 
to indicate that orogenic movements were taking place along the eastern 
side of Monzonia *° during Triassic and Jurassic times and that one 
of the largest rivers from that land mass had its mouth in southern 
Idaho. The nearly equal thicknesses shown on the Comanchean map 
point to a partial cessation of orogenic activity, and the striking differ- 
ence in thicknesses shown on the Cretaceous map strongly suggest the 
renewal of mountain-building movements along the eastern side of the 
same land mass. . In this connection, the reader may wonder why a 
thickness of 15,000 feet is shown for the Comanchean in southeastern 


“It will be recalled that Schuchert pointed out, years ago, that the Cordilleran inter- 
montane geanticline, which is nearly equivalent to Monzonia, began to appear in Middle 


Triassic time. 
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Idaho and a zero at the same point for the Cretaceous. It is apparent 
that they do not harmonize with the surrounding data. It was not 
possible for the author to decide from the literature whether the 
Comanchean should be reduced to agree with other stratigraphic sec- 
tions, or whether the latter should be revised to show a larger thickness 
of Comanchean (see page 848 of this discussion). If the bulge shown 
in Westland for the Cretaceous is eliminated, it will be seen that the 
eastern border coincides closely with that of Cretaceous Westland as 
well as that of Monzonia in the two earlier periods. 

Another prominent feature that stands out when all four maps are 
compared is the gradual enlargement of the western land mass at the 
expense of the Pacific Sea. Its western border apparently moved from 
longitude 117° in Triassic time to approximately longitude 120° during 
Jurassic time. The Nevadian revolution caused it to move practically 
to the present Pacific coast (in northern California), where it remained 
during Comanchean time. The eustatic rise of the Cretacecus oceans 
caused it to retreat to the position near longitude 120° which it had 
occupied in Jurassic time. The Klamath Mountains, which were rejuve- 
nated during the Nevadian revolution, remained a land mass from that 
time. 

When the thicknesses for all Mesozoic systems are added, it appears that 
the Rocky Mountain geosyncline was deepest in southeastern Idaho, 
where it reached a depth of 27,000 feet. Northward and southward the 
depth decreases notably, and to the east it decreases even more rapidly. 
The geosyncline was narrow during the first three periods but broadened 
prominently during Cretaceous time. 
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Ficure 1.—Angular Fragments of Coal embedded in Sandstone 
The piece above the knife (2% inches long) measures about 15 inches in length and 
2 to 3 inches in thickness. Note sharp, angular contact with the sandstone and bulging 
at the ends caused by compaction of the central portions of the fragment. Several other 
angular fragments may be seen. 


Figure 2.—Unconformable Contact of Sandstone 
Underlying coal-bearing clay shale is crumpled. 
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About 10 miles west of Ottawa, Kansas, near the southeast corner of 
sec. 15, T. 17 S., R. 18 E., where Coal Creek undercuts a bluff about 50 
yards below the bridge and about 100 yards north of the road corner, an- 
gular fragments of coal, some of them as much as five feet long and more 
than six inches thick, (figure 1) are embedded in the lower part of a mas- 
sive sandstone believed to be the basal sandstone of the Lawrence forma- 
tion * (Pennsylvanian system, Douglas group). Besides the coal frag- 
ments, the basal part of the sandstone contains lenses of conglomerate 
bearing limestone pebbles and, in places, shows hard, concretionlike 
masses of cemented sandstone two to five feet or more in width. The basal 
sandstone rests on a gray-blue clay shale, probably a member of the 
Stranger formation, which, at the exposure examined, is considerably 
crumpled (figure 2). 


CHARACTER AND SOURCE OF COAL FRAGMENTS 


That the coal was not formed in place is proved conclusively by the 
angularity of its fragments. Many pieces were found which, like the one 


1 Manuscript received by the Secretary of the Society, February 15, 1933. + 
2The term “Lawrence formation” is here used because the term “Lawrence shale,” 
heretofore used, is misleading for a formation whose lower part is almost entirely sand. 
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shown above the knife in Figure 1, end squarely against the sandstone. 
Evidently, the coal fragments were broken along clean-cut lines before 
their burial in the sand. The fact that the fragments broke cleanly along 
planes roughly at right angles to the bedding seems to prove that the 
material was coal or lignite, and not peat, at the time when it was re- 
moved from its original bed and deposited as fragments in the sandstone. 


Ficure 3.—Edge of a Slab of Coal as broken out of the Sandstone 
Shows compaction of about 30 per cent since its burial in the sandstone. ‘The larger, 
right-hand end was protected from compaction by the sandstone against which it lay. 
Note fan-like spreading of the bedding of the coal. 


Many of the coal fragments are relatively thin slabs, suggesting that the 
material split readily along the bedding. Such splitting is a common 
characteristic of lignite and this, together with the angularity, makes it 
seem probable that the material had advanced to at least the lignite stage 
before being torn up and redeposited. 

Compaction of the coal since the burial of the fragments in the sand- 
stone is clearly shown by the fact that the ends of the fragments are 
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thicker where they abut squarely against the sandstone than elsewhere 
(figure 1). This thickening is believed to be due to the fact that the 
relatively noncompactible sandstone protected the coal at the ends of the 
slabs against the compaction to which the other parts of the slabs were 
exposed after their burial. Figure 3 is a photograph of a specimen, 
similar to that appearing in Figure 1 above the knife, which has been 
broken free from the sandstone. It shows clearly how the bedding of 
the coal spreads fanlike into the bulge at the protected end. The amount 
of compaction, as measured on this specimen, is about 30 per cent. 

The considerable size and the angularity of the coal fragments indicate 
a nearby source. No distant source seems possible, for at the time when 
the coal fragments were deposited there were no considerable structural 
uplifts nearby which could have brought lower coals within reach of ero- 
sion, and a nearly flat plain of essentially horizontal Pennsylvanian rocks 
must have extended for at least 100 miles in every direction. 


GEOLOGIC SECTION 


The geologic section in the vicinity where the coal fragments were 
found and in adjoining counties was studied for the Kansas Geological 
Survey during the summer of 1932 by N. D. Newell, to whom the writer 
is indebted for the accompanying diagrammatic and generalized section 
for the region (figure 4). 

Along the road about half a mile north of the place where the coal 
fragments were found, a section at approximately the same stratigraphic 
horizon is as follows: 


Feet 
(Approx.) 
Sandstone 


Coal in creek bed 


The sandstone at the top of the section is presumably the heavy sand- 
stone at the base of the Lawrence formation ; the limestone, the Haskell; 
and the coal, the same as that which Newell found occurring generally in 
the Stranger formation a short distance below the Haskell limestone. 

Newell’s studies and those of the writer have shown that the limestone 
of the above section, though presumably deposited uniformly over a con- 
siderable area in this part of Kansas, now occurs only in scattered patches 
in the region under discussion. Its absence elsewhere seems to be due to 
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erosion which occurred previous to the deposition of the sandstone at the 
base of the Lawrence formation. 


CONCLUSIONS 


The writer believes that the coal fragments under discussion were de- 
rived from the coal bed shown in the above section and that during the 
period of erosion preceding the deposition of the sandstone a channel was 


FORMATIONS 
Limestone Oread 
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Sandstone and Shale 
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50 Sandstone 
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le 
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Sandstone 
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Weston 
Limestone Stanton 


FIGuRE 4.—Diagrammatic Section 
Showing geologic setting of the coal fragments and the writer's interpretation of their 
relation to the coal bed beneath the unconformity at the base of the Lawrence forma- 
tion. (Section furnished by N. D. Newell from notes of unpublished field work for the 
Kansas Geological Survey.) 


cut deep enough to expose the coal ; large fragments were torn off, moved a 
short distance, and incorporated in the sandy filling of the channel. (See 
figure 4.) Ifsuch was the history of these fragments, they need have been 
moved only a few feet or, at most, a few hundred feet, and their large size 
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and angularity is not difficult to understand. The crumpling of the shale 
below the channel filling, as shown in Figure 2, may have been due to 
buckling caused by lateral creep toward the channel or to expansion re- 
sulting from weathering before the channel was filled. 

The conditions described above suggest the existence of an unconformity 
of considerable magnitude at the base of the heavy sandstone in which 
the coal fragments lie. According to the recent work of the Kansas 
Geological Survey, this is between the Stranger and the Lawrence forma- 
tions. 

If the reasoning outlined above is sound, coal of Stranger age had 
advanced at least to the lignite stage of carbonization in the interval 
between its deposition and that of the basal sandstone of the Lawrence 
formation in which fragments of it are embedded. 

How long a time is required to transform peat into lignite is not 
definitely known, but in this instance, where there is no evidence of local 
or regional dynamic movements which would have hastened the car- 
bonization of the coal, or of the former presence of a heavy overburden, 
it would seem that the time required must have been very long. An 
estimate of some millions of years does not seem unreasonable. 


. 
x 
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INTRODUCTION 


Only a beginning can be made at present with the problem of zoning 
the North American Jurassic on the basis of its brachiopods, but it is 
hoped that this beginning will encourage more accurate observation of 
the American Mesozoic species than has been made in the past. It is hoped 
that one of the chief difficulties of understanding Mesozoic brachiopods 
will soon be removed through the introduction of exact generic denomi- 
nation in place of the improper use of Rhynchonella for all Rhynchonel- 
lidae, and Terebratula for both Terebratulidae and Terebratellidae. 
Rhynchonella is a Russian, Upper Jurassic brachiopod, unknown in North 
America. Terebratula is a late Cenozoic brachiopod, unknown in the 
Mesozoic. Paleontologists dealing with American Mesozoic species should 
bear these facts in mind. 

Brachiopods are important and worth protracted investigation because 
of two things at least: they are guide fossils, and they are superior indi- 
ceators of the temperature factor in paleoclimatology. It is to be expected 
that when analysis of North American Jurassic brachiopods has reached 
a reasonable degree of sharpness, and sufficient morphologic and strati- 
graphic detail has been gathered, it may be possible to use the brachiopods 
to test the existing theories of Jurassic climates; and then, in turn, to 
examine the problems of ammonite distribution, armed with correct esti- 
mates of the part that temperature distribution may be expected to play. 

With these ideas in mind the writer has gathered together in the fol- 
lowing table all brachiopod species, including 21 that are new. 


1 Manuscript received by the Secretary of the Society, January 30, 1933. 
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Table of Jurassic Brachiopod Faunas 
STANDARD MOUNT JURA, ROCKY BRITISH 
CHRONOLOGY CALIFORNIA MOUNTAINS COLUMBIA 
Kallirhynchia 
valliculae 
Tithonian Terebratulina 
tndomita 
Argyrotheca 
retrorsa 
Portlandian 
Kimmeridgian Kallirhynchia myrina H&W 
= Argovian Lingula brevirostris M&H 
| Divesian 
Gnathorhynchia Capillirhynchia “Rhynchonella 
5 gallatinensis obesula Whiteaves 
Ptilorhynchia Kallirhynchia 
Callovian plumasensis orthidioides 
Ornithella Whiteaves 
curticensis Ornithella 
O. gemina skidegatensis 
Whiteaves 
Late Middle 
Jurassic 
Rhactorhynchia Rhactorhynchia? 
Epalzites trigona albertensis Warren 
Homeaorhynchia? 
syringothyrides moore: Warren 
H?webbi Warren 
Kallirhynchia? 
whiteavesi Warren 
Globirhynchia rhacta 
G. gn phora Meek 
Labyrinth- G. oblatopinguis 
oceras G. schucherti 
Loboidothyris 
mormonensis 
< 
fod Orbiculoidea? pileolus 
| Witchellia Whiteaves 
Loboidothyris robusta 
Whiteaves 
Q | mollis Loboidothyris meeki 
Kallirhynchia 
phylarchus 
pre-moilis Flabellirhynchia 
falconis 
F. concinna 
Euidothyris lucerna 
“‘discitae”’ Euidothyris 
francescalaurae 
Crickmay 
Ptyctothyris 
phlegethontis 
Ludwigian Ptyctothyris 
hardgravensis 
© Toarcian Orbiculoideas 
semipolita 
Whiteaves 
“*Rhynchonella”’ 
Ss maudensis 
> Whiteaves 


Unfortunately, this table contains both gaps and uncertainties. 


The 


former will be filled as field research is rewarded by discovery. The latter 
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can be removed by better description of specimens. Particularly impor- 
tant in the description of brachiopods are two things that have been neg- 
lected by those who have described North American Mesozoic species— 
_beak details and muscle marks. These are fundamental characters. With- 
out them, it is not possible to identify a species or to distinguish be- 
tween similar species of different genera. The several details connected 
with the foramen ought to be described, the character of the umbones 
(convexity or concavity), and the sinuation or sulcation of the more ma- 
ture part of the shell. The muscle marks ought to be outlined in black 
or white ink, or paint, on the shell, so that they will show in the illustra- 
tions. Four views of each specimen are desirable: dorsal, ventral, right 
lateral, and anterior. Of internal details, the septum and dental plates 
are the most important. With reasonably good preservation, it is possible 
and very desirable to prepare, and describe or figure, the lophophore loops. 
Finally, it may be well to point out that no good purpose is served by de- 
scribing in words the general shape of the shell or any other feature that 
shows much more plainly in an illustration. 

These suggestions invoke neither excessive nor superfluous refinements. 
If they had been followed in the past, it would not be possible to say, as 
it is now, that no North American Jurassic brachiopod has been described 
with sufficient thoroughness to enable either its own author or a subse- 
quent investigator to refer it to its proper genus. 

Since the writer has declared boldly for better practices, it may seem 
to some that he might have described some internal characters more 
fully. The failure to do so is because such features are not preserved in 
his specimens. For instance, he has treated many dozens of the Cali- 
fornia Globirhynchiae without revealing a single muscle-mark, and the 
discovery of the long loops of the Ornithellae came only after hours of 
labor. 

DESCRIPTION OF SPECIES 


Class NEOTREMATA 
Order DISCINACEA 
Family DISCINIDAE 


Genus ORBICULOIDEA D’Orbigny 
ORBICULOIDEA? SEMIPOLITA (Whiteaves) 
(Mesozoic Fossils, volume 1, plate 3, figures 9 and 9a) 


Locality—South side of Maude Island, in Skidegate Inlet, Queen 
Charlotte Islands. 
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Zone.—Maude formation, Fanninoceras zone. 
ORBICULOIDEA? PILEOLUS (Whiteaves) 
(Contributions to Canadian Palaeontology, volume 1, part 2, plate 21, 
figures 3 and 3a) 
Locality.—Rink Rapids, Lewes River, a tributary of the Yukon River, 
latitude 60° 20’ N., longitude 136° 30’ W. 
Zone.—Formation ?, Witchellia borealis zone. 


Class TELOTREMATA 
Order RHY NCHONELLACEA 
Family RHYNCHONELLIDAE 


Genus ? 
“RHYNCHONELLA” MAUDENSIS Whiteaves 
(Mesozoic Fossils, volume 1, plate 33, figures 8, 8a, and 8b) 
Locality—South side of Maude Island, in Skidegate Inlet, Queen 


Charlotte Islands. 
Zone.—Maude formation, Fanninoceras zone. 


Genus ? 
“RHYNCHONELLA” OBESULA Whiteaves 
(Mesozoic Fossils, volume 1, plate 39, figures 3, 3a, and 4) 


Locality.—South side of Alliford Bay, in Skidegate Inlet, Queen Char- 
lotte Islands. 
Zone.—Yakoun formation, Seymourites zone. 


Genus GNATHORHYNCHIA Buckman 
GNATHORHYNCHIA PERPLICATA n. sp. 
(Plate 19, figures 1, 2, 3) 


Description.—Beak, incurved; foramen, hypothyrid, elliptical; del- 
tidial plates, of medium breadth, disjunct; shell, broadly triangular- 
flabelliform, oblate, with steep anterior and lateral slopes which are vari- 
able in attitude in different specimens; dorsal valve, broadly inverted or 
suleate; anterior margin, weakly everted, maxillatoid (in Buckman’s 
terms) ; plicae, originating on the umbo, even before the norella stage be- 
comes prominent, 10 to 14 in number dependent on the age of shell ; dental 
plates, short, widely divergent ; dorsal septum, strong, short (1/3 of shell 
length). 
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Dimensions.— 
Length (dorsal valve) ............ 9.4 mm. 


This species is a late one, and has passed the characters of the genus 
in many respects. Consequently, it bears little superficial resemblance 
to other species, though its relationship with them, on the basis of such 
conservative characters as the broad norella stage, is undoubted. It would 
be wrong to separate it. 

Locality.—100 yards southeast of Curtice Cliff, at 3900 feet elevation, 
Mount Jura, California. 

Zone.—Hinchman formation, “coral” zone. 


Genus KALLIRHYNCHIA Buckman 
KALLIRHYNCHIA PHYLARCHUS pn. sp. 
(Plate 19, figures 4, 5, 6) 


Description.—Beak, strong, high, incurved; beak-ridges, strong; fora- 
men, hypothyrid, subelliptical ; deltidial plates, of medium breadth, dis- 
junct; shell, oblate, flabelliform, having a strongly inverted or sulcate 
dorsal umbo, very faintly trilobate; anterior margin, weakly everted ; 
plicae, orginating in the norella stage round the umbo, variable in num- 
ber, average 15, 5 on the fold; dental plates, short, subdivergent ; dorsal 
septum, short (1/3 of shell length). 


Dimensions.— 


Comparable species.—K. expansa Buckman, Vesulian. 

Locality.—Southwest slope of Mount Jura, California, Ravine 34 at 
4500 feet elevation. % 

Zone.—Mormon formation, Stiphromorphites zone. 


KALLIRHYNCHIA VALLICULAE n. sp. 
(Plate 19, figures 7, 8, 9,) 


Description.—Beak, high, narrow; foramen, hypothyrid, of medium 
size ; deltidial plates, not seen; shell, small, flabelliform, flattish ; dorsal 
umbo with a prolonged sulcate stage; trilobation, incipient ; anterior mar- 
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gin, weakly everted; surface, weakly plicate; plicae, originating on the 
umbo in the sulcate stage, 12 in number, 2 to 3 on the fold; dorsal septum, 
short, weak ; crura, strong ; dental sockets, strong ; dental plates, somewhat 
short, subdistant, subdivergent. 


Dimenstons.— 


Comparable species—K. phylarchus n. sp., early Middle Jurassic. 

Locality—Head of Combe Canyon, 4900 feet elevation, north side of 
Mount Jura, California. 

Zone.—Combe formation. 


KALLIRHYNCHIA? ORTHIDIOIDES Whiteaves 
(Mesozoic Fossils, volume 1, plate 39, figure 5) 


Locality.—East end of Maude Island, in Skidegate Inlet, Queen Char- 


lotte Islands. 
Zone.—Yakoun formation, Seymourites zone. 


KALLIRHYNCHIA MYRINA Hall & Whitfield 


(United States Geological Exploration of 40th Parallel, Final Reports, volume 
4, part 2, plate 7, figures 1-4) 


This is one of the late, robust, sinuate species, very different from the 
primitive phylarchus and valliculae. It is an object lesson showing that 
shape is poor evidence of affinity among Mesozoic, as among Paleozoic, 
brachiopods. “Rhynchonella” gnathophora auct., non Meek, is closely 
related to K. myrina, and has no connection with Globirhynchia gnatho- 
phora Meek. 

Comparable species.—K. concinna Sowerby, late Middle Jurassic. 

Locality —Flaming Gorge, Uinta Range, Utah. 

Zone.—Sundance formation, myrina zone. 


KALLIRHYNCHIA? WHITEAVESI Warren 


(Transactions, Royal Society of Canada, 3rd series, volume 26, 1932, plate 1, 
figure 1) 


Locality—Rocky Mountains, Alberta. (Type locality, not exactly 


known.) 
Zone.—Fernie? formation, Stemmatoceras zone. 
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Genus HOMCEORHYNCHIA Buckman 
HOMC@ORHYNCHIA? MOOREI Warren 


(Transactions, Royal Society of Canada, 3rd series, volume 26, 1932, plate 1, 
figures 4 and 5) 
Locality—Rocky Mountains, Alberta. (Type locality, not exactly 
known.) 
Zone.—Fernie? formation, Stemmatoceras zone. 


HOM@@ORHYNCHIA? WEBBI Warren 


(Transactions, Royal Society of Canada, 3rd series, volume 26, 1932, plate 1, 
figures 6 and 7) 


Locality.—Rocky Mountains, Alberta. (Type locality, not exactly 
known. ) 
Zone.—Fernie? formation, Stemmatoceras zone. 


Genus PTILORHYNCHIA Nov. 


Genoholotype.—Ptilorhynchia plumasensts, holotype. 

Diagnosis.—Delthyrium, broad ; foramen, hypothyrid: deltidial plates, 
disjunct ; umbo, non-norelliform; shell, trigonal-subglobose, semiplicate, 
developing from a prolonged smooth rectimarginate stage ; fold and sinus, 
strong but short; dental plates, strong, subdivergent; dorsal septum, 
short; dorsal posterior adductors, narrow, linear, divergent; anterior ad- 
ductors, pyriform. 


PTILORHYNCHIA PLUMASENSIS pn. sp. 
(Plate 19, figures 10-14) 


Description —Beak, prominent; foramen, round, low in relation to 
beak; beak-ridges, low, rounded; deltidial plates, narrow, concealed ; 
shell, robust, rounded trigonal in contour, smooth rectimarginate for 2/3 
of its length, abruptly developing strong trilobation, and plication ; plicae, 
strong at maturity, angular, about 12 in number, 4 on the fold, those on 
the fold exceed the others in strength. 


Dimensions.— 


Locality.—100 yards southeast of Curtice Cliff, at 3900 feet elevation, 
Mount Jura, California. 

Zone.—Hinchman formation, “coral” zone. 

Remarks.—Were it not for the classification lines set up by Buckman, 
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this species might be included in Curtirhynchia. It differs, however, in 
having strong trilobation and divergent dental plates. It differs from 
Homeorhynchia in its divergent dental plates and in not having the 
cynocephalous shell-contour. 


Genus GLOBIRHYNCHIA Buckman 
GLOBIRHYNCHIA GNATHOPHORA Meek 
(Plate 19, figures 15, 16, 17) 
(Paleontology of California, volume 1864, figure 1, plate 8, figures 1-1e only) 
Description.—Beak, stout, incurved; foramen, hypothyrid, large, sub- 
elliptical; deltidial plates, narrow, disjunct; umbo, non-norelliform ; 
shell, subtrigonal-orbicular, oblate, very weakly trilobate; fold and sinus, 
entering barely to middle of valve ; plicae, originating on beak, subangular, 


16 to 20 in number, 4 or 5 on the fold; dorsal septum, strong, short; 
dental plates, strong, short; widely separate, divergent. 


Dimensions.— 


Locality.—Southwest side of Mount Jura, California, probably from 
Ravine 34, 35, or 36, at about 4500 feet elevation. 
Zone.—Morman formation, rhacta zone. 


GLOBIRHYNCHIA OBLATOPINGUIS n. sp. 
(Plate 19, figures 18, 19, 20) 


Description.—Beak, small, incurved ; beak-ridges, weak ; foramen, hy- 
pothyrid, small; deltidial plates, small, triangular, almost conjunct; 
umbo, non-norelliform; shell, suborbicular, rounded in all its outlines, 
weakly trilobate ; fold and sinus, barely 4% of shell length ; plicae, origin- 
ating on beak, obtuse, 16 to 19 in number, 5 on the fold; dorsal septum, 
strong, short ; dental plates, strong, short, distant, divergent. 

Distinction.—From G. gnathophora in being more rotund and in having 
the anterior margin more strongly everted. 


Dimensions.— 
19 mm. (corrected : specimen is 18, but is some- 
what distorted) 
18 mm. (beak restored) 
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Locality.—Southwest side of Mount Jura, California, Ravine 34 at 
4500 feet elevation. 
Zone.—Mormon formation, rhacta zone. 


GLOBIRHYNCHIA SCHUCHERTI n. sp. 
(Plate 20, figures 1, 2, 3) 


Description.—Beak, small, incurved; beak-ridges, weak ; foramen, hy- 
pothyrid, small; deltidial plates, small, triangular, disjunct; umbo, non- 
norelliform ; shell, subtrigonal, wide, short; fold and sinus, very short; 
anterior margin, strongly everted ; plicae, originating on the beak, obtuse, 
16 to 19 in number, 5 on the fold; dorsal septum, strong, short; dental 
plates, strong, of medium length, distant, divergent. 

Distinction.—Great width compared to length, and strongly everted 
anterior margin. 


Dimensions.— 


Locality—Southwest side of Mount Jura, California, Ravine 34 at 
4600 feet elevation. 
Zone.—Mormon formation, rhacta zone. 


GLOBIRHYNCHIA RHACTA n. sp. 
(Plate 20, figures 4-7) 


Description.—Beak, short, stout, somewhat erect ; foramen, hypothyrid, 
large, subelliptical, irregular; deltidial plates, small, triangular, almost 
conjunct, becoming with senility narrow and more widely disjunct ; umbo, 
non-norelliform ; shell, variable about a subtrigonal-globose shape, trilo- 
bate for 14 to % of its length; anterior margin, strongly everted ; plicae, 
originating on the beak, subangular, 16 in number, 4 on the fold; dorsal 
septum, strong, short; dental plates, short, divergent. 


Dimensions.— 


Remarks.—This species shows strongly a peculiarity that the foregoing 
species also show, though in a minor degree, namely, paired ridges on 
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the interior of the dorsal valve, in positions corresponding to the furrows 
between third and fourth plicae on either side of the median line. 

Specimens of various character intermediate between this species and 
G. oblatopinguis have been found. The intermediate character of these 
is concerned with one or two features, not with all parts of the shell; for 
instance, one specimen corresponds to G. rhacta in all respects except that 
there are five plicae on the fold, and an incipient sixth plica on one side 
of the fold. The extra plicae weaken the prominence of the fold, and 
thus give a strong resemblance to G. oblatopinguis. However, the other 
characters seem sufficient to place the specimen with G. rhacta, and, cer- 
tainly, no separate species names ought to be instituted for such aberrant 
individuals. Furthermore, the occurrence of these intermediate forms 
does not in any way invalidate the distinction here made between species. 
Careful biometrical analysis at once places abnormal individuals where 
they belong. 

Locality.—Southwest side of Mount Jura, California, Ravine 34 at 
4500 feet elevation. 

Zone.—Mormon formation, rhacta zone. 


Genus RHACTORHYNCHIA Buckman 
RHACTORHYNCHIA TRIGONA n. sp. 
(Plate 20, figures 8-13) 


Description.—Beak, high; ridges, strong; foramen, hypothyrid, large, 
subelliptical, irregular; deltidial plates, broad, well conjunct; umbo, 
non-norelliform, though a few apparently reversionary specimens show 
a weakly sulcate stage; shell, trigonal-subglobose, oblate, trilobate for 
1% its length, completely plicate ; plicae, strong, 12 to 14 in number, 5 on 
the fold; dental plates, strong, divergent; dental sockets, deep, strong; 
dorsal septum, high, thin, long. 


Dimensions.— 


Locality—Southwest side of Mount Jura, California, Ravine 35 at 
4100 feet elevation. 
Zone.—Mormon formation, trigona zone. 
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RHACTORHYNCHIA? ALBERTENSIS Warren 


(Transactions, Royal Society of Canada, 3rd series, volume 26, 1932, plate 1, 
figures 2 and 3) 
Locality—Rocky Mountains, Alberta. (Type locality not exactly 


known.) 
Zone.—Fernie? formation, Stemmatoceras zone. 


Genus CAPILLIRHYNCHIA Buckman 


CAPILLIRHYNCHIA GALLATINENSIS n. sp. 
(Plate 20, figures 23-26) 


Description.—Beak, narrow, high, erect; beak-ridges, subacute; fora- 
men, hypothyrid, elliptical, narrow ; deltidial plates, barely disjunct, long, 
narrow, protruding toward median plane; umbo, not perceptibly norelli- 
form; shell, trigonal, oblate, entirely finely capillate, with somewhat 
prolonged rectimarginate stage, plication arising late, along with triloba- 
tion ; plicae, weak, 9 in number, 3 on the fold; dental plates, approximate, 
subdivergent, convergent at tips; traces of a jugum inside the beak; 
dental sockets, very large; dorsal septum, strong, enlarged at extremity ; 
muscle-scars and ovarian areas, strongly marked. 


Dimensions.— 
sc 13° mm. 


Locality.—N orth slope of Joseph Peak, Gallatin Range, Wyoming. 
Zone.—Ellis formation, “Ataxioceras’” zone. 


Genus FLABELLIRHYNCHIA Buckman 
FLABELLIRHYNCHIA FALCONIS n. sp. 
(Plate 20, figures 14-18, 22) 


Description.—Beak, very high, pointed; beak-ridges, very prominent, 
acute; cardinal area, large ; foramen, hypothyrid, large, elliptical, irregu- 
lar; deltidial plates, broad, well conjunct; umbo, non-norelliform; shell, 
broad, flabelliform, irregular, completely plicate, having a prolonged 
rectimarginate stage up to 24 of mature length, abruptly developing trilo- 
bation in maturity; anterior margin, irregularilobate, strongly everted ; 
plicae, high, acute, with fine transverse (concentric) lamellae, 27 in 
number, 6 on the fold; dental plates, strong, divergent, joined by a short 
jugum which lies ventro-posteriorly to the pedicle; dorsal septum, short, 
not strong. 
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Dimensions.— 


Locality.—Northwest slope of the Knob, 4900 feet elevation, Mount 


Jura, California. 
Zone.—Mormon formation, falconis zone. 


FLABELLIRHYNCHIA CONCINNA n. sp. 
(Plate 20, figures 19, 20, 21) 


Description.—Beak, high; beak-ridges, prominent; cardinal area, 
fairly large ; foramen, hypothyrid, large, elliptical ; deltidial plates, broad, 
conjunct ; umbo, non-norelliform ; shell, broad, symmetrical, flabelliform, 
completely plicate, having a prolonged rectimarginate stage up to 34 of 
the total shell length; anterior margin, weakly everted; plicae, fine, ob- 
tuse, the lamellate character was not observed, 29 in number, 8 or 9 on 
the fold; dental plates, strong, divergent, connected by a short jugum as 
in F. falconis; dorsal septum, short, not strong. 


Dimensions.— 
20 mm. (in small part restored) 


Locality.—Northwest slope of the Knob, 4900 feet elevation, Mount 


Jura, California. 
Zone.—Mormon formation, falconis zone. 


Order TEREBRATULACEA 
Family TEREBRATULIDAE 


Genus EUIDOTHYRIS Buckman 
EUIDOTHYRIS LUCERNA pn. sp. 
(Plate 21, figures 1-4) 


Description.—Beak, broad, with massive ridges; foramen, permeso- 
thyrid, small, circular, well separated from dorsal umbo; symphytium, 
broad, well exposed ; shell, large, suborbicular, with suboblate dorsal valve, 
and well rounded ventral valve, with faint trace of dorsal sulcation, with 
ventral carination only on the umbo and the anterior part of the shell, 
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paraplicate; dorsal scars, of medium length, rough, divergent; dorsal 


septum, feeble, fairly long (55 per centum of shell length), tending to 
become obsolete in maturity. 


Dimenstons.— 
Holotype Paratype 
41 mm. 47 (?) mm. ° 
49 mm. 57 (?) mm. 
20 mm. 26 mm. 


Locality.—Northwest slope of the Knob, 4950 feet elevation, Mount 
Jura, California. 


Zone.—Mormon formation, falconis zone. 


EUIDOTHYRIS FRANCESCALAURAE Crickmay 


Locality.—West slope of Rattlesnake Hill, 34% miles northeast of Ash- 
croft, British Columbia. 


Zone.—Ntlakapamux formation, Parapecten ntlakapamuzanus zone. 


Genus PTYCTOTHYRIS Buckman 


PTYCTOTHYRIS HARDGRAVENSIS n. sp. 
(Plate 22, figures 1, 2, 3) 


Description.—Beak, broad, incurved; beak-ridges, weak, rounded ; 
foramen, permesothyrid, circular, well separated from dorsal umbo; 


symphytium, small; shell, small, pyriform, weakly carinate ventrally, 
weakly paraplicate ; muscle-marks and septum not well preserved. 


Dimensions.— 
Holotype Para- Same,corrected Para- Same, 
type No.1 for distortion type No.2 corrected 
| 19 mm. 10 15 13 12 
ength ..... 26 mm. 20 20 20 17 
Height ..... 10 mm. i 8 5 6.5 


Locality—Southwest slope of Mount Jura, California, Spur 34 at 
4300 feet elevation. 


Zone.—Hardgrave formation. 


PTYCTOTHYRIS PHLEGETHONTIS n. sp. 
(Plate 21, figures 5, 6, 7,) 
Description —Beak, broad, with strong ridges, overhanging; foramen, 


collared, permesothyrid, circular, well separated from dorsal umbo; sym- 
phytium, narrow, short; shell, broad, pyriform, oblate, ventrally carinate 
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in the umbonal region, weakly paraplicate; dorsal scars, long, of medium 
breadth, with their inner edges subparallel; dorsal septum, thin, low, 
50 per centum of length of shell; hinge teeth and sockets, strong. 


Dimensions.— 
Holotype Paratype 
21 mm. 18.5 mm. 
23° mm. 19 mm. 
9.5 mm. ? 


Both specimens are slightly distorted. 

Locality.—Northwest ridge of Mount Jura, California, 4750 feet 
elevation. 

Zone.—Thompson formation. 


Genus LOBOIDOTHYRIS Buckman 
LOBOIDOTHYRIS MEEKI n. sp. 
(Plate 21, figures 8-13) 


(“Terebratula ?’, Meek: Paleontology of California, volume 1, 1864, 
plate 8, figures 2, 2a, 2b.) 


Description. — Beak, broad, incurved, overhanging; beak-ridges, 
rounded ; foramen, permesothyrid, large, circular; symphytium, almost 
entirely concealed; shell, elongate, strongly biconvex, sulciplicate ; dorsal 
scars, subdivergent, separated into anterior and posterior portions; dorsal 
septum, weak, of submedium length (35 per centum of shell length) ; 
teeth and dental sockets, strong. 


Dimensions.— 
Holotype Paratype 
39 mm. 29 mm. 
coe 20 mm. 
20 mm. (corrected) 15 mm. 


Remarks.—Meek’s illustrations exaggerate the convexity, the discrep- 
ancy between valves, the curvature of lateral margins, the strength of 
the uniplication, and the weakness of the sulciplication. 

Locality.—Southwest slope of Mount Jura, California, Ravine 34 at 
4500 feet elevation. 

Zone.—Mormon formation, meeki zone. 


LOBOIDOTHYRIS MORMONENSIS n. sp. 
(Plate 21, figures 12, 13, 14) 
Description.—Beak, broad, low, incurved ; beak-ridges, weak ; foramen, 
permesothyrid, not large, circular, close to dorsal umbo; symphytium, 
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almost entirely concealed; shell, suborbicular, ventricose, sulciplicate ; 
dorsal scars, too ill-preserved for accurate delineation; dorsal septum, 
weak, of submedium length. 


Dimensions.— 


Locality—Southeast slope of Mount Jura, California, Ravine 41 
at 6000 feet elevation. 
Zone.—Mormon formation, rhacta zone. 


LOBOIDOTHYRIS ROBUSTA Whiteaves 


Comparable species.—L. latovalis Buckman, Aalenian age. 

Locality.—Rocky Mountains, 21 miles north of the east end of Devil’s 
Lake (subsequently called Lake Minnewanka), Alberta. 

Zone.—Fernie(?) formation, Witchellia borealis zone. 


Genus TEREBRATULINA D’Orbigny 
TEREBRATULINA INDOMITA n. sp. 
(Plate 22, figures 4-7) 


Description.—Beak, broad, incurved; beak-ridges, prominent, obtuse ; 
foramen, mesothyrid, large, circular, well separated from dorsal umbo; 
symphytium, broad, re-entrant; shell, pyriform, weakly biconvex, recti- 
marginate, radially striate, the type specimen is deformed on the left side 
through growth in contact with some foreign object ; dorsal septum, weak, 
of medium length (45 per centum) ; dorsal scars, not preserved. 


Dimensions.— 


Comparable species.—T erebratulina substriata Schlotheim, Upper Jura. 

Locality —Head of Combe Canyon, at 4950 feet elevation, north slope 
of Mount Jura, California. 

Zone.—Combe formation. 


Family TEREBRATELLIDAE 
Subfamily MEGATHYRINAE 


| 
if 
| 
| 
ig 
iff 
q 
i 
q 
if 
if 
if 


886 ©. H. CRICKMAY—ATTEMPT TO ZONE AMERICAN JURASSIC 


Genus ARGYROTHECA Dall 
ARGYROTHECA RETRORSA pn. sp. 
(Plate 22, figures 8, 9, 10) 


Description.—Beak, low, broadly conical, obtuse, retrorse ; beak-ridges, 
short, acute; foramen, hypothyrid, lying far below the beak, on the car- 
dinal margin of the shell, having a short pedical collar in continuation of 
a thick internal pedical callus; cardinal area, high, wide; shell, small, 
smooth, sémewhat irregular, marginally plicate; dorsal valve, unknown ; 
shell substance, finely punctate. 


Dimensions.— 


Comparable species.—Argyrotheca oolitica Moore, Middle Jurassic. 

Locality Head of Combe Canyon, at 4950 feet elevation, north slope 
of Mount Jura, California. 

Zone.—Combe formation. 


Subfamily DALLININAE 


Genus ORNITHELLA DESLONGCHAMPS 
ORNITHELLA SYRINGOTHYRIDES pn. sp. 
(Plate 22, figures 11, 12, 13) 


Description.—Beak, high, attenuate, strongly incurved, very variable, 
overhanging dorsal umbo; beak-ridges, prominent, acute ; foramen, meso- 
thyrid, small, circular, tubular, well separated from dorsal umbo; sym- 
phytium, large, triangular; shell, small, biconvex, passing through a 
weakly sulcate stage to rectimarginate; dorsal septum, weak, short; 
lophophore loops, long, free; muscle scars, too faint for observation ; 
dental sockets and crura, strong ; dental plates, subdivergent, rather weak. 


Dimensions.— 


Remarks.—This small species is deceptively similar, superficially, to 
certain Terebratulids, for instance, Tubithyris, though it is, of course, 
readily distinguishable by the internal structures. 
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Perhaps it is not the best procedure to place such an early and atypical 
species with Ornithella, type: O. ornithocephala, late Middle and early 
Upper Jurassic. However, separation must await further study. 

Locality.—Ravine 35, at 4100 feet elevation, southwest slope of Mount 
Jura, California. 

Zone.—Mormon formation, trigona zone. 


ORNITHELLA CURTICENSIS n. sp. 
(Plate 22, figures 14-18) 


Description.—Beak, massive, prominent, little incurved; beak-ridges, 
strong; foramen, mesothyrid, large, round, well separated from dorsal 
umbo; symphytium, broad, short; shell, rounded-pentagonal, somewhat 
inflated, obtusely carinate below, rectimarginate; dental plates, strong, 
long, well separated, subparallel; dental sockets, large; dorsal septum, 
very long (85 per centum of shell length), strong for half its length, 
feeble beyond; dorsal scars, very long, divergent in the posterior part, 
filiform and convergent in the anterior; lophophore loops, simple, very 
long (85 per centum). 


Dimensions.— 
Holotype 


Comparable species.—O. gemina n. sp., O. arenaria Buckman, and 0. 
stiltonensis Walker. The last-named species seems to show closer affinity 
with O. curticensis than with species of Obovothyris, with which it has 
lately been ranged. 

Locality—100 yards southeast of Curtice Cliff, at 3900 feet elevation, 
Mount Jura, California. 

Zone.—Hinchman formation, “coral” zone. 


ORNITHELLA GEMINA n. sp. 
(Plate 22, figures 19, 20) 

Description.—Beak, massive, prominent, slightly incurved ; beak-ridges, 
massive, rounded ; foramen, mesothyrid, large, round, lined with callus, 
well separated from dorsal umbo; symphytium, of medium length and 
breadth; shell, narrow, fabiform, well inflated, obtusely carinate below, 
rectimarginate ; dental plates, strong, long, well separated, sub-parallel ; 
dental sockets, large ; dorsal septum, very long (virtually equal to length 


LVIII—BvuLu. Grow. Soc. AM., Vou. 44, 1935 


4 
\ i 
a 
if 
} 
q 
a 
is 
A 
if 
a 


888 cc. H. CRICKMAY—ATTEMPT TO ZONE AMERICAN JURASSIC 


of dorsal valve, or 90 to 95 per centum of total length), strong for half 
its length, feeble beyond ; dorsal scars, very long, divergent and somewhat 
sigmoidal in the broader posterior part in the centre of which lies a 
dimple, subparallel to convergent in the filiform anterior part; lopho- 
phore loops, simple, very long. 


Dimensions.— 
Holotype Paratype (distorted) 
18 mm. 14 mn. 
25.5 mm. 23.5 mm, 
14 mm. 14.5 mm. 


Locality.—100 yards southeast of Curtice Cliff, at 3900 feet elevation, 
Mount Jura, California. 
Zone.—Hinchman formation, “coral” zone. 


ORNITHELLA(?) SKIDEGATENSIS Whiteaves 


(Mesozoic Fossils, volume 1, plate 37, figures 6 and 6a) 


Locality.—East end of Maude Island, in Skidegate Inlet, Queen Char- 


lotte Islands. 
Zone.—Yakoun formation, Seymourites zone. 
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Ontogeny of the Newly Described and Other Species 
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EXPLANATION OF PLATES 
PLate 19.—Jurassic Brachiopods 


Figure 1.—Gnathorhynchia perplicata sp. n., holotype, dorsal view. 

Ficure 2.—G, perplicata sp. n., twice natural size. Shows muscle-marks, etc. 

Figure 3.—G. perplicata sp. n., anterior view, twice natural size. 

Figure 4.—Kallirhynchia phylarchus sp. n., holotype, dorsal view. Shows 
delthyrium, foramen, and dorsal septum. 

Ficure 5.—K. phylarchus sp. n., holotype, ventral view. Shows dental plates. 

FieurE 6.—K. phylarchus sp. n., holotype, anterior view, twice natural size. 

Ficure 7.—K. valliculae sp. n., holotype, dorsal view. 

Fieure 8.—K. valliculae sp. n., holotype, ventral view, twice natural size. 
Shows dental plates. 

Ficure 9.—K. valliculae sp. n., holotype, anterior view, twice natural size. 

Ficure 10.—Ptilorhynchia plumasensis sp. n., holotype, dorsal view. 

FicureE 11.—Pt. plumasensis sp. n., holotype, lateral view. 

Figure 12.—Pt. plumasensis sp. n., holotype, posterior view. Shows dental 
plates and dorsal septum. 

Ficure 13.—Pt. plumasensis sp. n., holotype, anterior view. 

Ficure 14.—Pt. plumasensis sp. n., paratype, dorsal view. Shows dorsal sep- 
tum and muscle-marks. 

FieurE 15.—Globirhynchia gnathophora Meek, topotype, dorsal view. Shows 
dorsal septum. 

Figure 16.—G. gnathophora Meek, same specimen, anterior view. 

Ficure 17.—G. gnathophora Meek, same specimen, left lateral view. 

Ficure 18.—G. oblatopinguis sp. n., holotype, dorsal view. 

Ficure 19.—G. oblatopinguis sp. n., holotype, lateral view. 

Ficure 20.—G. oblatopinguis sp. n., holotype, anterior view. 
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PLATE 20.—Jurassic Brachiopods 


FievurE 1.—Globirhynchia schucherti sp. n., holotype, posterior view. Shows 
dental plates. The beak is broken off. 

Figure 2.—G, schucherti sp. n., holotype, dorsal view. 

Figure 3.—G. schucherti sp. n., holotype, anterior view. 

Figure 4.—G., rhacta sp. n., holotype, dorsal view. The specimen is partly ex- 
foliated. 

Figure 5.—G. rhacta sp. n., holotype, anterior view. 

Ficure 6.—G. rhacta sp. n., holotype, lateral view. 

FicurE 7.—G. rachta sp. n., paratype, dorso-lateral view. Shows paired pits 
in the cast of the interior, marking ridges on the inside of the shell under 
the dorsal umbo. 

Figure 8.—Rhactorhynchia trigona sp. n., holotype, dorsal view. The beak 
is broken away. Specimen is tilted, and hence fails to show squarish ante- 


rior end. 

Fieure 9.—Rh. trigona sp. n., holotype, anterior view. 

FicureE 10.—Rh. trigona sp. n., holotype, lateral view. 

Figure 11.—Rh. trigona sp. n., paratype, dorsal outline. Shows dental plates. 

Figure 12.—Rh. trigona sp. n., paratype, cross-section through hinge-teeth, 
much enlarged. Shows articulation and bases of dental plates and dorsal 
septum. 

Ficure 13.—Rh. trigona sp. n., paratype, cross-section through umbones, much 
enlarged, representing an earlier stage in development of cardinal region. 
Shows the strong teeth and sockets, complete dental plates and dorsal sep- 
tum, bases of crura, and shallow rostral pit. 

Figure 14.—Flabellirhynchia falconis sp. n., holotype, dorsal view. 

FieurE 15.—F. falconis sp. n., paratype, dorsal view. Shows muscle-marks, etc. 

Figure 16.—F. falconis sp. n., holotype, anterior view. 

Ficure 17.—F. falconis sp. n., holotype, posterior view. Shows dental plates. 

Figure 18.—F. falconis sp. n., holotype, dorsal view, twice natural size. Shows 
foramen, deltidial plates, etc. 

Fieure 19.—F. concinna sp. n., holotype, dorsal view. 

Figure 20.—F. concinna sp. n., holotype, anterior view. 

Figure 21.—F. concinna sp. n., holotype, posterior view. Shows dental plates 
and dorsal septum. 

Ficure 22.—F. falconis sp. n., holotype, cross-section of ventral umbo. Shows 
dental plates united by jugum, and median internal ridge. 

Figure 23.—Capillirhynchia galiatinensis sp. n., holotype, dorsal view. 

Figure 24.—Capillirhynchia gallatinensis sp. n., holotype, dorsal view, twice 
naural size. Shows foramen, deltidial plates, and capillate ornament. 
Ficure 25.—C. gallatinensis sp. n., paratype, dorsal view. Shows dorsal sep- 

tum, muscle-marks, and ovarian areas. Beak is broken off. 

Fiaure 26,—C. gallatinensis sp. n., paratype, anterior outlines. 
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PLATE 21.—Jurassic Brachiopods 


Figure 1.—Euidothyris lucerna sp. n., holotype, dorsal view. Test is removeil. 


Shows muscle-marks and septum, ete. 

Figure 2.—E. lucerna sp. n., holotype, lateral view. 

Ficure 3.—E. lucerna sp. n., paratype, dorsal view. 

Ficure 4.—E. lucerna sp. n., paratype, posterior view. 

Figure 5.—Ptyctothyris phlegethontis sp. n., holotype, dorsal view. Shows 
foraminal collar, ete. 

Ficure 6.—Pt. phlegethontis sp. n., holotype, anterior outlines. 

Ficure 7.—Pt. phlegethontis sp. n., paratype, dorsal view. Shows dorsal sep- 
tum, muscle-marks, dental sockets, etc. 

Ficure 8.—Loboidothyris meeki sp. n., holotype, dorsal view. 

Ficure 9.—L. meeki sp. n., paratype no. 1, dorsal view. Shows dorsal septum 
and muscle-marks. 

Ficure 10.—L. meeki sp. n., paratype no. 2, lateral view. 

Ficure 11.—L. meeki sp. n., paratype no. 2, anterior outlines. 

Figure 12.—L. mormonensis sp. n., holotype, dorsal view. 

Figure 13.—L. mormonensis sp. n., holotype, anterior outlines. 

Figure 14.—L. mormonensis sp. n., holotype, left lateral view. 
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PLATE 22.—Jurassic Brachiopods 


Figure 1.—Ptyctothyris hardgravensis sp. n., holotype (an artificial cast), dor- 
sal view. 

Ficure 2.—Pt. hardgravensis sp. n., paratype, dorsal outlines. Reconstructed 
from a distorted specimen. Shows delthyrium, muscle-marks, ete. 

Ficure 3.—Pt. hardgravensis sp. n., paratype, left lateral view. 

Ficure 4.—Terebratulina indomita sp. n., holotype, dorsal outlines. 

Figure 5.—T. indomita sp. n., holotype, posterior outlines. 

Ficure 6.—T. indomita sp. n., holotype, left lateral outlines. 

Ficure 7.—T. indomita sp. n., holotype, dorsal view. 

Figure 8.—Argyrotheca retrorsa sp. n., holotype, cardinal outlines (ventral 
valve). 

Figure 9.—A. retrorsa sp. n., holotype, left lateral outlines. 

FicurE 10.—A, retrorsa sp. n., holotype, ventral view. Beak is broken off, ex- 
posing pedical callus. 

Ficure 11.—Ornithella syringothyrides sp. n., holotype, dorsal view. Shows 
foramen, deltidial plates, dorsal septum, ete. 

Figure 12.—O. syringothyrides sp. n., holotype, posterior outlines. Shows den- 
tal plates. 

Fiaure 13.—O. syringothyrides sp. n., holotype, lateral outlines. 

Ficure 14.—0. curticensis sp. n., holotype, dorsal view. 

Ficure 15.—O. curticensis sp. n., holotype, posterior view. 

Figure 16.—O. curticensis sp. n., holotype, lateral view. 

Figure 17.—0O. curticensis sp. n., paratype no. 1, dorsal view, twice natural size. 
Shows deltidial and dental plates. Beak is broken off. 

Ficure 18.—O. curticensis sp. n., paratype no. 2, anterior view. 

Figure 19.—O. gemina sp. n., holotype, dorsal view. 

Ficure 20.—O. gemina sp. n., holotype, posterior view. 
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CONTENTS 
Page 
INTRODUCTION 


Since 1927 the writer has been engaged in a study of the stratigraphy, 
structure, and paleontology of Mount Jura, California, undoubtedly the 
finest Jurassic section in North America. Elucidation of the stratigraphy 
has been made extremely difficult by the complexity of the geologic struc- 
ture of the mountain. The work is now complete, however, and a mono- 
graph on the geology and paleontology is be:ng written. Since it may be 
some years before that monograph can be issued, this article is published 
as an advance summary of results. 
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GENERAL AND STRUCTURAL GEOLOGY 
Mount Jura consists of highly disordered Triassic and Jurassic rocks. 


These have been severed by faults and piled repeatedly upon one another, 
producing a very complicated, imbricated structure. This structure, 


1 Manuscript received by the Secretary of the Society, January 30, 1933. 
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which long baffled solution, is made up of a network, or braidwork, of 
faults, separating imbricated, lance-shaped selvages of various formations. 
Some of these selvages are overturned. The whole imbricated mass has 
been hoisted up on the west side, where the oldest rocks in it—the 
Triassic—are now exposed. In a compensating manner it has been forced 
down on the east side, where the youngest rocks—the Upper Jurassic— 
are found. 

The whole imbricated mass is enclosed by older rocks which have been 
thrust against it and upon it from both east and west. The overthrust 
rocks on the east side are of Carboniferous age; those on the west are 
mostly early Paleozoic. The two thrust faults are opposed to one another 
in regard to direction of faulting. It may be noted that no other opposed 
thrusts of this sort seem to have been observed in the structure of the 
Sierra Nevada, and very few elsewhere. 


STRATIGRAPHIC SUMMARY 


Jurassic epigene formations (descending order) : 
Combe sandstone 
Trail tuff and conglomerate 
Lucky S argillite 
Cooks Canyon agglomerate 
Forman argillite 
North Ridge argillite 
Hinchman arkose 
Hull agglomerate 
Moonshine conglomerate 
Mormon sandstone 
Thompson tuff 
Fant volcanics 
Hardgrave arkose 
Lilac sandstone 


As the determination of the Jurassic column is the outstanding result 
of this work, attention will be confined to the Jurassic epigene deposits in 
this advance summary. Description of intrusive formations and of de- 
posits of other ages must await a later opportunity. The epigene deposits, 
including on an equal footing both the sedimentary and the volcanic, are 
here described briefly, beginning with the oldest. 


Lizac ForMATION 

Name.—New. 

Occurrence.—At various separate localities along the west base of 
Mount Jura and elsewhere. 
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General character—Calcareous, dark-gray sandstone and argillite. 


Thickness.—725 feet. 
Fauna.—Upper zone: Parapecten praecursor n. sp. 
Lower zone: Huechioceras exoletum n. sp. 
Age.—Mid Lower Jurass'c; upper zone, Grammoceratan ; lower zone, 


Deroceratan, Huechioceras. 
Relations.—The Lilac formation rests on the Middle Triassic vol- 


canics, the oldest rocks in the Mount Jura column. 


HARDGRAVE FORMATION 
Name.—Given by J. 8. Diller, 1892. 
Occurrence.—Most abundant in narrow bands across lower west slope 


of Mount Jura. 
General character.—Red, stratified, marine, volcanic arkose, highly 


fossiliferous. 

Thickness.—150 feet. 

Fauna.— 
Cidaris taylorensis Clark 
C. plumasensis Clark 
Gervillia gigantea Hyatt 
G. linearis Hyatt 
Pinna erpansa Hyatt 
Entolium meeki Hyatt 
Parapecten acutiplicatus Meek 
Trigonia sp. 
“Dumortieria” sp. bispinosa 
Glyphaea punctata Hyatt 


Age.—Farliest Middle Jurassic, Ludwigian, ——— 


Fant ForMATION 

Name.—Given by J. 8. Diller, 1892. 

Occurrence.—In broad, prominent bands across west side of Mount 
Jura and elsewhere. Stands up in cliffs in many places. 

General characler—Massive, coarsely porphyritic andesite lavas 
(green) and crystal tuffs (red). 

Thickness.—900 feet. 

Fauna.—None. 

Age.—Early Middle Jurassic. 


THOMPSON FoRMATION 
Name.—Given by J. 8. Diller, 1892. 
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Occurrence.—In several narrow bands across west slope of Mount Jura, 
especially about 4200 to 4400 feet elevation on Mill Ravine, near the 
Knob and near the old Thompson farmhouse. 

General character—Mainly a fine, red, stratified marine tuff, with some 
thick lenses of pale blue-gray limestone. 

Thickness.—115 feet. 

Fauna.— 


Ptyctothyris n. sp. 
Nerinea thompsonensis n. sp. 


Age.—Early Middle Jurassic; Sonninian (?), ———. 


MorMON ForMATION 

Name.—Given by J. S. Diller, 1892. 

Occurrence.—In several bands lying across west slope of Mount Jura, 
one band lying up and down southeast slope. 

General character—Mainly fine gray arkose, with red and green con- 
glomerate of volcanic débris at the base, and fine, dark gray paper shales 


at top. 
Thickness.—943 feet. 
Fauna.—Several successive faunas occur. In descending order, num- 


bered from the bottom up, these are: 
(11) Posidonomya sp. 


(10) Teloceras sp., brephomorph 


(9) Rhactorhynchia n. sp. 
Ornithella n. sp. 
Scaphogonia n. sp. 


(8) Scaphogonia n. sp. 
Haidaia n. sp. 
Papilliceras juramontanum n. sp. 
Chondroceras sp. 


(7) Holcophylloceras falciferum n. sp. 
Papilliceras blackwelderi n. sp. 
Otoites reesidei n. sp. 
Chondroceras russelli n. sp. 

“Trigonia” pandicosta Meek 
Astarte ventricosa Meek 


(6) Trigonia cf. sculpta Lycett 
Haidaia sp. 
Entolium aff. gingense Quenstedt 
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(5) Kallirhynchia sp. indet. 
Flabellirhynchia sp. 
Globirhynchia n. sp. 

G. gnathophora Meek 
Loboidothyris n. sp. 
Papilliceras stantoni n. sp. 


Globirhynchia sp. 

Loboidothyris n. sp. 

Haidaia n. sp. 

Stiphromorphites schucherti n. sp. 


(4 


~ 


Kallirhynchia n. sp. 
Flabellirhynchia n. sp. 
Euidothyris n. sp. 
Entolium equabile Hyatt 
Haidaia n. sp. 

Lima dilleri Hyatt 


(2) Flabellirhynchia sp. 
Camptonectes aff. lens Sowerby 


(3 


~ 


(1) Latomeandra orthogrammica n. sp. 
There are also a number of species of Meek and of Hyatt not allocated 


to their proper zones: 
Cidaris californicus Clark 
Hemicidaris intumescens Clark 
Pseudodiadema emersoni Clark 
Stomechinus hyatti Clark 
Pinna cuneiformis Hyatt 
Lima taylorensis Hyatt 
Mytilus multistriatus Meek 
Pleuromya depressa Meek 


Age.—Early Middle Jurassic: 


Faunas 


Relations—Disconformable on both the Thompson and the Fant for- 
mations; overlain disconformably by the Moonshine formation. 
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MoonsHINE ForMATION 

Name.—New, of geographic origin. 

Occurrence.—Most abundant on southwest slope of Mount Jura, just 
below 4500 feet elevation. 

General character—Lower part, an ordinary conglomerate bearing 
cobbles of granitic plutonic origin and ancient red porphyries, grading 
upward into red conglomerates, red shale, and finally red tuffs. 

Thickness.—300 feet. 

Fauna.—None found during this investigation. However, Diller 
reports : 

“Terebratula” sp. 


Inoceramus sp. 
Perisphinctes sp. 


It is possible, of course, that Diller was mistaken in supposing that he 
had found these in this deposit. 
Age.—Mid Middle Jurassic. 


ForMAtIon 

Name.—Given by J. 8. Diller, 1892. 

Occurrence.—At many places on the slopes of Mount Jura, especially 
on the south end of the mountain, on the southwest slope from 4500 to 
5000 feet elevation, in the lower end of Hinchman Ravine, southeast and 
northwest slopes of the mountain, and north ridge. Usually prominent 
as a cliff-maker. 

General character.——Mostly massive, coarse, green agglomerate, with 
small amounts of red and purple matter; in places, a fine red or a green 
tuff. 

Thickness.—%00 feet. 

Fauna.—N one. 

Age.—Late Middle Jurassic. 


HIncHMAN ForRMATION 

Name.—Given by J. S. Diller, 1892; extended to cover Diller’s “Bick- 
nell formation” also. 

Occurrence.—West fork of Hinchman Ravine (type locality), south- 
east slope of Mount Jura, north ridge, and elsewhere. 

General character.—In its lower part, a coarse arkose-breccia; in its 
upper, a medium to very fine arkose. Mainly composed of volcanic waste. 

Thickness.—160 feet. 

Fauna.—Upper zone: 
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Oxytoma sp. 

“Trigonia” obliqua (Hyatt) Packard 

“Trigonia” plumasensis (Hyatt) Packard 
“Trigonia” naviformis (Hyatt) Packard 

Gryphaea bononiformis Hyatt 

Pleuromya sp. 

Ptychophylloceras sp. (=RhacophyWites sp. Hyatt) 
“Macrocephalites” sp. 


ower zone: 


Astrocoenia minuta Hyatt 

A. subjecta Hyatt 

Stephanocoenia tertia Hyatt 
Gnathorhynchia n. sp. 
“Rhynchonelloidea” n. gen. and sp. 
Ornithella n. sp. 

Camptonectes cf. platessiformis White 
Gryphaea curtici Hyatt 
“Trigonia” aff. plumasensis Hyatt 
Trochus hinchmanensis n. sp. 
Phylloceras burckhardti hn. sp., ete. 


Age.—Early Upper Jurassic ; Proplanulitan, ———. 


Nortu ForMAtion 
Name.—New, of geographic origin. 
Occurrence.—Hinchman Ridge and Ravine, north ridge of Mount Jura 

(type locality), and elsewhere. - 

General character—A crudely stratified, pyroclastic agglomerate of 
medium grain and basic composition ; color, dark gray, speckled white. 

Thickness.—200 feet. 

Fauna.—Very scarce. 


Anaplanulites hyatti n. sp. 


Age.—Early Upper Jurassic ; Proplanulitan, Catacephalites ? 


ForRMAN FORMATION 
Name.—Given by J. 8. Diller, 1892. 
Occurrence-—At Taylor’s Diggings, in south fork of Forman Ravine, 
and elsewhere. 
General character.—Light gray argillite composed of fine volcanic waste. 
Thickness.—350 feet. 
Fauna.—Upper zone: 
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“Trigonia” aff. naviformis Hyatt 
Protocardia cf. subsimilis Whiteaves 
Cinulia cf. pusilla Whiteaves 
Reineckeites dilleri n. sp. 

R. n. sp. 


Lower zone: 


“Trigonia” aff. plumasensis Hyatt 
Cyprimeria sp. 
Reineckeia cf. subtilis Burckhardt 


Age.—Early Upper Jurassic ; Reineckeian, 


Cooxs Canyon ForMATION 

Name.—New, of geographic origin. 

Occurrence.—Ridge between Cooks Canyon and Lights Creek (type 
locality), near Forman farmhouse, Forman Ravine, Forman Ridge, and 
elsewhere. 

General character —At type locality, mostly red agglomerates, contain- 
ing here and there fossil charcoal of coniferous wood and angular frag- 
ments from the mid Upper Jurassic intrusive quartz porphyry; in For- 
man Ravine and neighborhood, mostly coarse, water-laid, clastic sediment 
of volcanic origin, gray to green in color, containing here and there fossil 
charcoal of coniferous wood. 

Thickness.—1900 feet at Cooks Canyon; 900 feet at Forman Ravine. 

Fauna.—None. 

Flora.—Only unidentifiable charred coniferous wood. 

Age.—Mid Upper Jurassic. 


Lucky S Formation 

Name.—New, after Lucky S Mine. 

Occurrence-—Forman Ravine, west end of Forman Ridge (type local- 
ity), in Cooks Canyon and in Starks Ravine. 

General character—Micaceous quartzite, with one or more fine con- 
glomerates of chert and quartzite pebbles derived from much older de- 
posits; grading upward into micaceous, dark gray siltite and black 
argillite. 

Thickness.—600 feet. 

Fauna.—Very meager marine fauna in upper beds; no identifiable 
fossils. 


Age.—Mid Upper Jurassic. 
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Trait ForMATION 

Name.—Given by J. S. Diller, 1892. 

Occurrence.—Hosselkus Canyon, Forman Ravine, Cooks Canyon, and 
Evans Peak. 

General character.—Alternating beds of conglomerate and fine tuff, 
each several feet to 100 feet or more in thickness. The tuff beds are 
chiefly gray in the lower part of the formation and red in the upper; 
a distinguishing mark is the presence of many small, irregular cavities 
lined with a dark green mineral. 

Thickness.—2000+ feet. 

Fauna.—None. 

Age.—Late(?) Upper Jurassic. 


ComBEe ForMATION 

Name.—New, of geographic origin. 

Occurrence.—Combe Canyon, north of Mount Jura. 

General character.—A calcareous marine sandstone and conglomerate 
containing cobbles from the mid Upper Jurassic quartz porphyry and 
from granitic plutonics. 

Thickness.—550 feet. 

Fauna.—Rich, though ill-preserved : 


Phyllocoenia cf. nannodes Felix 
Stylina sp. 

Kallirhynchia n. sp. 
Terebratulina n. sp. 
Argyrotheca n. sp. 

Lima cf. comatulicosta Felix 
Astarte sp. 

Aulacosphinctoides sp. 


Age.—Late Upper Jurassic, Tithonian. 
DESCRIPTION OF SPECIES 


Phylum COELENTERATA 
Class ZOANTHARIA 
Family ORBICELLIDAE 


Genus LATOMEANDRA D’Orbigny 
LATOMEANDRA ORTHOGRAMMICA n. sp. 
(Plate 23, figures 1-3) 


Description—Corallum, large, spreading, with flat surface; sides, not 
seen. Septa, insert, numerous, fine, irregular. Endotheca, not seen. 


LIX—BUuLL. GEoL. Soc. AM., Vou. 44, 1933 
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1 Calyx very shallow. Corallites, small, set in straight rows which are 
bordered by fine sharp ridges of exotheca. 


Dimensions.— 
Width of corallites........... 4 mm., invariable 
Length of corallites......... 6 mm., very variable, from 4 to 12 mm. 


Locality.—Southwest side of Mount Jura, Ravine 34 at 4300 feet. 
Zone.—Mormon formation, orthogrammica zone. 


Phylum MOLLUSCA 
Class PELECY PODA 
Family PINNIDAE 


Genus PINNA Linnaeus 
PINNA EXPANSA Hyatt 
(Plate 24, figure 1) 


Description.—Shell, of medium size, broad, flattish, ornamented with 
12 strong radial striae in the upper half of the disk, marked only with 
coarse growth lines in the lower half; beak, not seen; sulcus, very long, 
narrow. 

Locality —Not known. Coll. I. C. Russell, probably at loc. 523. 

Zone.—Hargrave formation. 


Family PECTINIDAE 
Genus ENTOLIUM Meek 
ENTOLIUM EQUABILE Hyatt Ms. . 
(Plate 24, figures 4-6) 


Chironym first published in G. M. Dawson: Report on the area of the Kamloops 
Map-sheet, Geol. Surv. Canada, Ann. Rept., 1895, vol. 7. 


Description.—Shell, small, highly orbicular except for a weak, obtusely 
angular distension on the postero-dorsal margin, smooth; ears, small. 


Dimensions.— 
Angle between ears ............+. 145° 


Locality.—Coll. J. 8. Diller, loc. 2429, northwest spur of Mount Jura, 
1800? feet. 
Zone.—Mormon formation, zones 3 to 5. 
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ENTOLIUM MEEKI Hyatt 1892 
(Plate 24, figures 2 and 3) 


Description.—Shell, suborbicular, flattish, smooth except for marked 
concentric rippling on the umbo; ears, of medium size. 


Dimensions.— 
5 (?) mm. 
Mer OF COTS 8 mm. 
Angle between ears............. 170° 


Locality.—Coll. I. C. Russell, loc. 523, 4 mile east of Taylorsville. 
Zone.—Hardgrave formation. 


Genus PARAPECTEN Crickmay 
PARAPECTEN PRAECURSOR pn. sp. 
(Plate 25, figures 4-6) 


Description.—Shell, small, covered with fine, regular, concentric lamel- 
lae; right valve, very highly arched, ornamented with 15 or 16 strong 
radial ribs which are acute on the umbo but flat on the disk, smooth in- 
ternally except next to the margin which is lirate; ears of right valve, 
without ornament except the fine lamellae; byssal notch, medium-shallow 
depth; ctenolium, not seen but seemingly developed because traces of 
some such structure are preserved in the form of spiral volutions on the 
angle between the right anterior ear and the internal surface of the valve; 
left valve, flattish, very gently arched in the upper half of the disk, orna- 
mented with 15 or 16 strong, acute radial ribs which though sharper are 
less elevated than those of the right valve, lirate internally; ears of left 
valve, large, squarish, ornamented with two radial ribs, one at, the other 
near, the cardinal margin. Hinge teeth and chondrophore, not seen. 


Dimensions.— 
Ponverity, right 28 mm. 
VOIVE cd 6 mm. 


Locality.—Southwest slope of Mount Jura, Spur 34 at 4250 feet. 
Zone.—Lilac formation, praecursor zone. 
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PARAPECTEN ACUTIPLICATUS Meek 
(Plate 25, figures 1-3) 


Description Shell, of medium size, covered with fine, regular con- 
centric lamellae; right valve, very highly arched, ornamented with 12 or 
13 strong radial ribs which are acute on the umbo but flat-topped on the 
disk, lirate internally ; ears of right valve, smooth but for lamellae in early 
stages, later ornamented with 4 evenly spaced radial ribs, smooth inter- 
nally; byssal notch, of medium or shallow depth; ctenolium, very weakly 
developed though traces of it are preserved in the form of spiral volutions 
on the angle between the right anterior ear and the internal surface of the 
valve; left valve, flattish, ornamented with 11 or 12 strong, acute radial 
ribs which are less elevated than those of the right valve, lirate internally ; 
ears of left valve, ornamented with 2 radial ribs, one at, the other near, 
the cardinal margin, smooth internally except for volutions on the angle 
as in the right valve. Hinge teeth, long, ridgelike, subparallel to car- 
dinal margin, transversely lamellate. Chondrophore, long, narrow, paral- 
lel to cardinal margin, supplemented by a central internal resilium pit. 


Dimensions.—Of three specimens. 


Height (cardinal to inferior margin). 57 70 95 mm. 
Convexity, right valve .............. - 30 45 (?) mm. 


The height of the right valve would be notably greater if measured “over 
all”; so great being the convexity, that the umbo projects high above the 
cardinal margin and even overhangs the left valve. 

Locality.—Holotype is lost and records with it. Probably came from 
west base of Mount Jura, near Taylorsville. Of the specimens here fig- 
ured, the right valve came from midway between Spurs 23 and 24 at 
3600 feet, the left valve from Ravine 36 at 4100 feet. 

Zone.—Hardgrave formation. 

Synonymy.—Since no specimens comparable with Lima? sinuata Meek, 
L.? recticostata Meek, or L.? cuneata Meek have been found, there is rea- 
sonable doubt of their distinctness from the forms that have been recog- 
nized. This doubt is much strengthened by the fact that Meek’s illus- 
trations look exactly like distorted specimens of Parapecten acutiplicatus, 
which are very common. 
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Class GASTEROPODA 
Family TROCHIDAE 


Genus TROCHUS Linnaeus 
TROCHUS HINCHMANENSIS n. sp. 
(Plate 26, figure 3) 


Description.—Shell, small, regularly turbinate ; spire, somewhat high ; 
whorls, subangular, gibbous ; suture, deeply impressed ; aperture, not seen ; 
base, somewhat flattened. Ornament, of 7 spiral punctate ribs, crossed 
obliquely by acute radial striae. Ornament of base differs only in being 
slightly finer. 


Dimensions.— 


Locality—100 yards southeast of Curtice Cliff, Hinchman Ravine. 

Zone.—Hinchman formation, “coral” zone. This species is one of 
several very similar trochids and turbinids which are highly characteristic 
of the “coral” zone. 


Family NERINEIDAE 


Genus NERINEA Defrance 
NERINEA THOMPSONENSIS n. sp. 
(Plate 26, figures 1 and 2) 


Description.—Spire, high ; whorls, quadrate, somewhat gradate ; suture, 
concealed by overlapping of whorl ; aperture, large, crescentic, thin-lipped ; 
base, steeply conical; anterior canal, long, narrow, attenuate; posterior 
canal, small; columella, thick ; callus, broad, biplicate; spiral lirae, 3 in 
number, simple, low in position: basal, lateral, and parietal. Ornament, 
lacking ; radial lines, having a pronounced and characteristic sigmoidal 
curve, 


Dimenstons.— 
10 mm., 8.5, 7.5, 6, 5, 4.5, ete. 
Diameter of whorls ............. 13 mm., 11, 9, 7.8, 6.5, 5, ete. 


Locality —Coll. J. S. Diller, loc. 2429a, northwest spur of Mount 
Jura, 4825 feet. 
Zone.—Thompson formation. 
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Class CEPHALOPODA 
Subclass AMMONOIDEA 
Family PHYLLOCERATIDAE 
Genus PHYLLOCERAS Suess 
PHYLLOCERAS BURCKHARDTI n. sp. 
(Plate 26, figures 6 and 7) 

Description.—Shell, inflated platycone ; sides, flattish ; venter, roundly 
arched ; umbilicus, very small; lateral ornament, of weak bullae, about 6 
or 7 in a quadrant, and regular radial striae which seem to fail toward 
the umbilicus, but continue to venter; ventral ornament, of striae bend- 
ing gently forward across the periphery. 


Dimensions.— 


Comparable species—Phylloceras cfr. kudernatschi von Hauer, Burck- 
hardt. 

Name.—After Dr. Karl Burckhardt. 

Locality.—Coll. J. S. Diller, loc. 2487, southeast slope of Mount Jura, 
Spur 41 at about 4,400 feet. 

Zone.—Hinchman formation, “coral” zone. 


Genus HOLCOPHYLLOCERAS Spath 
HOLCOPHYLLOCERAS FALCIFERUM pn. sp. 
(Plate 26, figures 4 and 5) 

Description.—Shell, inflated platycone ; venter, roundly arched ; umbi- 
licus, very small; lateral ornament, of varices only, 10 to a whorl at 30 
mm. diameter, apparently variable in number, falciform, weakened in 
mid lateral position and extended forward in a linguiform shape; ventral 
ornament, of varices, bowed forward, weakened to interruption on peri- 


phery. 
Dimensions.— 
14 mm. 


Thickness, 1 whorl back .......... 8 mm. 


. 
a 
Boe 
We 


DESCRIPTION OF SPECIES 909 


Locality—Coll. I. C. Russell, loc. 525, 2 miles southeast of Taylorsville. 
Zone.—Mormon formation, blackwelderi zone. 


Family ECHIOCERATIDAE 


Genus EUECHIOCERAS Trueman & Williams 
EUECHIOCERAS EXOLETUM n. sp. . 
(Plate 27, figures 1-5) 

Descriptions—Shell, evolute serpenticone; sides, inflated somewhat 
in early stages (up to 40 mm.), flattened and convergent in maturity; 
venter, carinatisulcate; umbilical wall, rounded; lateral ornament, of 
costae, arising in the umbo and extending on to the venter, stiff and 
strong in early stages (up to 55 mm.), weak and slightly curved in matu- 
rity, 49 to one whorl at 16 mm. diameter, 48 at 30 mm., 43 at 45 mm., 58 
at 75 mm.; ventral ornament: costae end on edge of venter-with a for- 
wardly twisted genicule; carina, strong, obtuse, bordered by medium 
furrows. 


Dimensions.— 


Locality.—Southwest side of Mount Jura, Ravine 33 at 3,750 feet. 
Zone.—Lilac formation, exoletum zone. 


Family ? 
Genus STIPHROMORPHITES Buckman 
STIPHROMORPHITES SCHUCHERTI n. sp. 
(Plate 28, figures 1-3) 

Description.—Shell, robust serpenticone ; sides, flattish, subparallel to 
slightly convergent, costate; venter, carinate in all stages, fastigate to 
flat; umbilicus, medium; umbilical wall, smooth, straight, very slightly 
reclined; shoulder, rounded; lateral ornament: costae arise on umbili- 
cal edge, do not extend on to venter, small and close on early whorls, 
some pairs being connate by their proximal ends, becoming coarser and 
more distant with age, very slightly flexed; ventral ornament: keel, sharp 
and prominent on early whorls, gradually weakening from penultimate 
whorl onwards, weak and rounded at maturity; keel seems to be hollow, 
that is, septate, only on the penultimate and antepenultimate whorls, and 
the last few septa are built across a solid keel which is shallowly concave 
toward the interior; growth lines, angulated strongly forward across the 
periphery. 


4 


910 


C. H. CRICKMAY—MOUNT JURA INVESTIGATION 


Dimensions.— 
Diameter, 1 whorl back .......... 56 mm. 
Diameter, 1144 whorl back ........ 36 mm. 
Radius, 1 whorl back ............ 35.5 mm. 
Thickness, 180° back ............. 22 mm. 
Thickness, 1 whorl back .......... 17.5 mm. 
Thickness, 1144 whorls back ........ 11 mm. 
Thickness, 2 whorls back .......... 7.5 mm. 


Comparable species.—S. nodatipinguis Buckman. 


Locality Southwest side of Mount Jura, Ravine 34 at 4,500 feet. 


Zone.—Mormon formation, schucherti zone. 


Family SONNINIIDAE 


Genus PAPILLICERAS Buckman 
PAPILLICERAS STANTONI n. sp. 


(Plate 29, figures 1 and 2; Plate 32, figure 1) 


g Description.—Shell, inflated serpenticone, spinous-mammillate, cari- 
z nate; sides, rounded ; venter, rounded, smooth; umbilicus, medium ; um- 
bilical walls, smooth, rounded, in part overhanging; lateral ornament: 


costae, coarse, very variable in strength; tubercles, strong, coarse except 
on penultimate whorl where they are spinous, 1 to every 2 costae on ante- 
penultimate whorl, 1 to every 3 on penultimate whorl, 1 to every costa 
on last whorl; ventral ornament: venter, smooth; keel, weak, obtuse on 
last whorl, earlier condition, not observed. 


Dimensions.— 

71mm 

1 whorl Back 23mm. (restored) 
ae Thickness, excluding tubercles...... 43 mm. 
Thickness, 1 whorl] back .......... 23 mm. 
Thickness, 2 whorls back .......... 11 mm. 


Thickness, 3 whorls back .......... 4mm. 
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Comparable species.—P. acantherum Buckman. 
Locality.—Southwest side of Mount Jura, Ravine 34 at 4,600 feet. 
Zone.—Mormon formation, stantoni zone. 


PAPILLICERAS BLACKWELDERI n. sp. 
(Plate 30, figures 1-4) 


Description.—Shell, compressed serpenticone, mammillate, carinate ; 
sides, flattish ; venter, fastigate ; umbilicus, wide; umbilical wall, smooth, 
reclined ; lateral ornament: growth-lines, rather straight, curving forward 
toward periphery ; papillae, on last two whorls at least, earlier ornament, 
unknown ; ventral ornament: venter, smooth but for growth-lines which 
are anuglated sharply forward across periphery ; keel, narrow, high, sharp 
on pre-ultimate whorls, somewhat less so on last whorl, hollow (that is, 
septate) at least on penultimate whorl. 


Dimensions.— 

game, 1 whorl] back ....-eccccees 15 mm. 


Comparable species.—P. micracanthum Buckman. 
Locality.—Southwest side of Mount Jura, Ravine 34 at 4,670 feet. 
Zone.—Mormon formation, blackwelderi zone. 


PAPILLICERAS JURAMONTANUM pn. sp. 
(Plate 31) 


Description.—Somewhat inflated serpenticone, costate, tuberculate, cari- 
nate ; sides, flattish ; venter, roundly arched ; umbilicus, medium ; umbili- 
cal walls, smooth, straight, somewhat reclined ; lateral ornament: costae, 
arise on umbilical edge, extend to venter ; 

x-th whorl : costae, few, distant, spinous; 

x-1th whorl: costae, strong, more numerous, with few large tubercles ; 

x-2th whorl: costae, weak, very numerous, many connate, no tubercles ; 

x-3th (last) whorl: costae, strong, less numerous (about 36 on the 
whorl), each surmounted by a papilla about the mid-point, curved toward 
the periphery ; 
ventral ornament: costae become weak in rising on to the venter, and die 
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out; growth-lines are curved forward toward periphery; keel, obtuse in 
maturity. 


Dimensions.— 
same, 1 whorl back ........... «+» 16mm. 
same, 14% whorls back ........... 11 mm. 
Thickness, 1% whorls back ........ 9mm. 


Remarks.—This form is a homeomorph of species of the much earlier 
Euhoploceras. 

Locality.—Southwest side of Mount Jura, Ravine 35 at 4,080 feet. . 

Zone.—Mormon formation, juramontanum zone. 


Family SPHAEROCERATIDAE 


Genus OTOITES Mascke 
OTOITES REESIDEI n. sp. 
(Plate 27, figures 9-11) 

Description —Shell, inflated serpenticone, with coronate ornament ; 
sides, distended; venter, gently arched; umbilicus, medium; umbilical 
wall, rounded, costate; lappets (auricles), not preserved; lateral orna- 
ment: costae, strong, obtuse, in last half-whorl, 12 primaries, 29 second- 
aries; penultimate half-whorl, 13 primaries, 38 secondaries; tubercles, 
in mid-lateral zone, 1 to every primary ; some secondaries are intercalated, 
but most are joined to a primary; ventral ornament: secondary costae 
pass straight and unchanged across periphery. 


Dimensions.— 
Including distortion Corrected 

sons 14 mm. 13 mm. 
Thickness, 1 whorl back ............ 12 mm. 12 mm. 


Comparable species.—Otoites braikenridget Sowerby, Itinsaites itinsae 
McLearn. 

Locality.—Coll, I. C. Russell, loc. 525, southwest side of Mount Jura 

Zone.—Mormon formation, blackwelderi zone. 
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Genus CHONDROCERAS Mascke 
CHONDROCERAS RUSSELLI n. sp. 
(Plate 27, figures 6-8) 


Description.—Shell, depressed sphaerocone, passing to subsphaeroconic, 
costate ; sides, inflated; umbilicus, medium compared with other species 
of the genus; umbilical wall, rounded ; lappets (auricles), not preserved ; 
lateral ornament: costae, strong, acute, arising at the umbilical suture, 
simply bifurcated or separated by secondaries on mid-zone of side; ven- 
tral ornament: secondary costae pass straight and unchanged across 
periphery. 


Dimensions.—Paratype : 


TBO" HACK cs 30 mm. 
Diameter, 1 whorl back ............ 23 mm. 

160" hack... 22 mm. 
Thickness, 1 whorl back ............ 20 mm. 


Comparable species—‘Sphaeroceras gervillit” auct, Chondroceras 
delphinus Buckman. 

Locality.—Southwest side of Mount Jura, Ravine 34 at 4670 feet ; para- 
type, float from Ravine 34. 

Zone.—Mormon formation, blackwelderi zone. 


Family PROPLANULITIDAE 


Genus ANAPLANULITES Buckman 
ANAPLANULITES HYATTI n. sp. 
(Plate 32, figure 3; Plate 33) 


Description.—Shell, compressed serpenticone, costate ; sides, flat ; venter, 
roundly arched ; umbilicus, wide; umbilical wall, somewhat rounded, re- 
clined ; lateral ornament: costae, obtuse, arising in umbilicus; primaries, 
die out toward mid-lateral zone, which is therefore weak in ornament; 
secondaries arise just beyond mid-lateral zone; varices, about 2 to each 
whorl, not deep or strongly marked ; ventral ornament: secondary costae, 
weak, somewhat prorsiradiate; periphery, not well enough preserved to 
show character of ribbing on it. 
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Dimensions.— 

same, 1 whorl back ............-. 40 mm. 

same, 14% whorls back .......... 29 mm. 


Comparable species—A naplanilites difficilis Buckman. 

Remarks.—The septal line is considerably more elaborate than that of 
the genotype. 

Locality.—N orth ridge of Mount Jura at 5500 feet. 

Zone.—North Ridge formation. 


Family REINECKEIDAE 


Genus REINECKEITES Buckman 
REINECKEITES DILLERI n. sp. 
(Plate 32, figure 2; Plate 34, figures 1-5) 


Description.—Shell, serpenticone, costate; sides, flattish; venter, 
weakly concave; umbilicus, medium; umbilical wall, rounded, semi- 
costate; lateral ornament: costae, strong, acute, arcuate, prorsiradiate, 
simply bifurcated in mid-lateral zone, 16 primaries and 32 secondaries in 
half-whorl at 60 mm. diam., slightly less numerous on earlier whorls, 
slightly more on later ones; ribbing becomes slightly coarsened with age; 
ventral ornament: costae pass squarely on to venter, interrupted on peri- 
phery by a narrow, concave smooth band. 


Dimensions.— 
BAK 52mm. (restored) 

Thickness ....... 18mm. (restored) 
14mm. (restored) 


Comparable species.—Reineckeites duplex Buckman. 

Locality.—Upper part of west fork of Hinchman Ravine (Ravine 42) 
at 4850 feet. 

Zone.—Forman formation, dilleri zone. 
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EXPLANATION OF PLATES 


PLATE 23—Jurassic Fossils 


Ficure 1.—Latomeandra orthogrammica sp. n., clay impression of paratype, 
twice natural size. 

Figure 2.—L. orthogrammica sp. n., holotype, twice natural size. The specimen 
is a natural impression in a volcanic tuff of the upper surface of the coral- 
lum. It is, therefore, a negative illustration, the reverse of what is shown 
in Figure 1; the edges of the calyces and the septa appear as hollows and 
grooves; the objects resembling septa are really the fillings of the spaces 
between septa. 

FiegurEe 3.—L. orthogrammica sp. n., holotype, twice natural size, diagram of 
arrangement of septa. Shows two corallites, both being in the same row. 
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PLATE 24—Jurassic Fossils 


Ficure 1.—Pinna expansa Hyatt, lectotype, left lateral view. 

Figure 2.—Entolium meeki Hyatt, lectotype, left lateral view. 

Figure 3.—E. meeki Hyatt, cotype, right lateral view. 

Ficure 4.—E. equabile Hyatt, lectotype, left lateral view. 

Figure 5.—E. equabile Hyatt, cotype, right lateral view, twice natural size. 
Ficure 6.—E. equabile Hyatt, lectotype, twice natural size. 
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PLATE 25—Jurassic Fossils 


Fiaure 1.—Parapecten acutiplicatus Meek, topotype, an impression in the rock 
of the flattish left valve. Shows sharp ribbing of the disk in contrast to 
that of the right valve; also, two radial ribs on the ears. 

Figure 2.—P. acutiplicatus Meek, topotype, clay cast of impression of ribs of 
right valve. 

Ficure 3.—P. acutiplicatus Meek, topotype, an impression in the rock of the 
interior, hinge, and umbo of the right valve. Shows ridge-like hinge-teeth 
with transverse lamellae. 

Figure 4.—P. praecursor sp. n., holotype, clay cast of impression in the rock 
of the right valve. 

Figure 5.—P. praecursor sp. n., holotype, left valve found in connection with 
specimen shown in Figure 4. 

FicurE 6.—P. praecursor sp. n., paratype, clay cast of impression of left valve. 
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PLATE 26—Jurassic Fossils 


FicurE 1.—Nerinea thompsonensis sp. n., holotype, wax cast of impression in 
the rock. 

Ficure 2.—N. thompsonensis sp. n., paratype, axial cross-section. 

Ficure 3.—Trochus hinchmanensis sp. n., holotype, clay cast of impression in 
the rock. 

Ficure 4,—Holcophylloceras falciferum sp. n., holotype, wax cast of impression 
in the rock, left lateral view. Shows indistinctly the last septum. 

Ficure 5.—H. falciferum sp. n., holotype, dorsal view. 

Figure 6.—Phylloceras burckhardti sp. n., holotype, left lateral view. 

Figure 7.—P. burkhardati sp. n., holotype, ventral view. 
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PLATE 27—Jurassic Fossils 


Figure 1.—Euechioceras exoletum sp. n., paratype, right lateral view. Shows 
young shell. 

Figure 2.—E. exoletum sp. n., paratype, same specimen as Figure 1, right lateral 
view. 

Ficure 3.—E. exoletum sp. n., paratype, ventral view. 

Ficure 4.—E. exoletum sp. n., holotype, ventral view. 

Figure 5.—BE. exoletum sp. n., holotype, left lateral view. 

Figure 6.—Chondroceras russelli sp. n., holotype, left lateral view, clay cast. 

Ficure 7.—Ch. russelli sp. n., paratype, ventro-lateral view, clay cast. 

FicurE 8.—Ch. russelli sp. n., holotype, septal tine. 

Ficure 9.—Otoites reesidei sp. n., holotype, wax cast of impression in the rock, 
dorcal view. 

FicurE 10.—Otoites reesidei sp. n., holotype, ventral view. 

FieurE 11.—0. reesidei sp. n., holotype, right lateral view. 
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PLATE 28—Jurassic Fossils 


FicureE 1.—Stiphromorphites schucherti sp. n., holotype, left lateral view. 

Figure 2.—S. schucherti sp. n., holotype, cross-sectional outline. 

FicureE 3.—S. schucherti sp n., holotype, ventral view, slightly oblique. Shows 
curve of ribbing and growth lines. 
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PLATE 29—Jurassic Fossils 


Figure 1.—Papilliceras stantoni sp. n., holotype, septal lines preserved as thin 
lamellae on the interior of natural mold of the shell. The illustration was 
prepared from two photographs and sketched outlines of a third. Con- 
trasts have been heightened by use of black and white paint on the 
specimen. Since the picture is taken from the interior of the shell, the 
septa shown are really from the left-hand side instead of the right as the 
reversed picture makes them appear. Shows the great papillae in the form 
of dark wells on the zone of the first lateral saddle. One shows very 
plainly in the white space in the centre of the illustration. 

Figure 2.—P. stantoni sp. n., holotype, right lateral view, a gelatin cast of an 
impression in the rock. 
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PLATE 30—Jurassic Fossils 


Figure 1.—Papilliceras blackwelderi sp. n., holotype, right lateral view of a 
part of the last whorl. 

Ficure 2.—P. blackwelderi sp. n., holotype, ventral view of a small part of the 
last whorl. 

Figure 3.—P. blackwelderi sp. n., holotype, cross-sectional outline of half of 
last two whorls. 

Ficure 4.—P. blackwelderi sp. n., holotype, left lateral view of penultimate 
whorl. Outlines septal edges marked by contact between black and white 
paint. 


= 
i 
ee 
4 
a 


VOL. 44, 1933, PL. 30 


BULL. GEOL. SOC. AM. 


JURASSIC FOSSILS 


- 
. 
me 
. 
= 
a 
- 
— 
— 3 
i 


BULL. GEOL. SOC. AM. VOL. 44, 1933, PL. 31 


JURASSIC FOSSIL 


| 
4 
= 
~ 
= 
| 
1 
j 


EXPLANATION OF PLATES 923 


PLATE 31—J urassic Fossil 


Papilliceras juramontanum sp. n., holotype, right lateral view. Shows also a 
ventral view of a dislocated part of the shell. 
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PLATE 32—Jurassic Fossils 


Figure 1.—Papilliceras stantoni sp. n., holotype, cross-sectional outlines. The 
dashed outlines are restored. 

Ficure 2.—Reineckeites dilleri sp. n., paratype no. 1, ventral view. Shows peri- 
pheral interruption of ribs. 

Ficure 3.—Anaplanulites hyatti sp. n., holotype, right lateral view of a small 
part of last whorl. Shows, though not very well preserved, septal line from 

first lateral lobe to line of involution. 
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PLATE 33—Jurassic Fossil 


925 


Anaplanulites hyatti sp. n., holotype, right lateral view, a plaster cast of im- 


pression in the rock. 
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PLATE 34—Jurassic Fossils 


FicureE 1.—Reineckeites dilleri sp. n., paratype no. 2, right lateral view, a dis- 
torted specimen. 

FieurE 2.—R. dilleri sp. n., paratype no. 3, ventral view. Shows peripheral 
smooth band. 

Figure 3.—R. dilleri sp. n., paratype no. 1, right lateral view, fragment of a 
larger specimen. See also Plate 10, Figure 2. 

FicurE 4.—R. dilleri sp. n., holotype, right lateral view. The periphery is lost. 


Shows first and second lateral lobes and dependent auxiliaries of the septal 


line. 
Figure 5.—R. dilleri sp. n., paratype no. 3, left lateral view. The curve of the 


ribbing is somewhat distorted. 
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INTRODUCTION 


Land forms of the alpine portions of western United States are ordi- 
narily described as though they were chiefly the product of erosional 
and depositional processes familiar at lower elevations, their characteristic 
variant being Quaternary glaciation. In reality, this conception is far 
from, representing the actual facts. With all glacial forms subtracted, 
alpine landscapes would be strikingly different from landscapes of lesser 
elevation in similar latitudes. In many respects they resemble the desert, 
but their closest relatives exist in Arctic borderlands. 

It is the purpose of this paper to describe some of the more common 
alpine land forms and to emphasize the importance of certain significant 
processes. It is written in the light of field experience extending through 
the past 12 years and covering many of the highest regions in western 
United States, chiefly in California, Nevada, Colorado, and Wyoming. 
Field work in northeastern California in the summers between 1920 and 
1925 served to arouse interest in alpine problems and led directly to 


1 Manuscript received by the Secretary of the Society, February 9, 1933. 
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practically every conclusion here presented. Intensive field work was 
carried on during August and September, 1927, in Colorado, primarily 
for the purpose of checking observations and conclusions. In the sum- 
mer of 1928 the writer had the good fortune to conduct Professor Albrecht 
Penck, of Berlin, across Tioga Pass of the High Sierra of California, 
in order to discuss with him, on the ground, the major theses here ad- 
vanced. These discussions were renewed in Upper Bavaria in the summer 
of 1931. 

As the region under discussion owes its individuality principally to its 
climatic setting, it can best be defined in terms of climate. Using the 
classification of Képpen,? a mean temperature for the warmest month 
between 0°C. and 10°C. may be used to define “tundra climate.” If the 
mean temperature of the coldest month departs less than 5°C. from that 
of the warmest month, the climate may be called ‘isothermal tundra,” a 
type more characteristic of low than of middle latitudes. At Moraine 
Lake, Colorado, elevation 10,265 feet, the warm month temperature is 
13.5°C. and the cold month —6.1°C.; thus, the climate misses tundra 
classification by a small margin. Pikes Peak summit has a true tundra 
climate, extending downward to an elevation of about 12,000 feet. 

The optimum condition for the landscapes to be described occurs in 
climates of the tundra type. These climates occur only toward the high- 
est summits in western United States, starting somewhat above the cold 
timber line and possibly nowhere extending through a vertical range of 
more than 3000 feet. Alpine land forms, however, are not restricted to 
the region of optimum development. In decreasing perfection they ex- 
tend downward to “microthermal”’ * climates, where they are gradually 
replaced by forms characteristic of the ordinary boreal scene. 


CLIMATIC Factors 


Most significant among climatic factors controlling denudation and 
erosion in alpine regions appear to be: 

(1) Coldness. Winter temperatures remain below freezing for long 
periods, and summer temperatures, as expressed in monthly averages, are 
not high. Over extensive regions, temperatures in the shade seldom rise 
much above freezing. During the season of thaw, freezing temperatures 
are experienced on most nights. The number of alternations between 
effective freeze and thaw in the course of a year is large. 


2W. Képpen: Die Klimate der Erde, Berlin and Leipzig, 1923, pp. 120, 161-167. 
2 Coldest month mean temverature below 0° C. but warmest month above 10° C, 


3 
4 
| 
| 
| 
| 
ij 
| 
| 
| 
| 


CLIMATIC FACTORS 929 


If effective freeze is considered to be a drop in temperature from above 
32°F. to below 28°F., and thaw, a rise above 32°F., then Durango, Colo- 
rado, from 1921 to 1930 experienced an alternation between effective 
freeze and thaw on an average of 124 times per year, based on official 
maximum and minimum thermometer records. On the ground the num- 
ber would be higher. Durango lies at an elevation of 6589 feet, well 
below tundra climate. During 1930, Durango experienced 168 alterna- 
tions, and Leadville, elevation 10,248 feet, 185. The writer is now 
undertaking an investigation of the frequency of freeze and thaw for 
the whole of the United States, and although the statistical part of the 
study is far from complete, it now appears that most tundra climate 
areas experience alternations between freeze and thaw on one-third to 
one-half of the year. 

(2) Low evaporation rate. Mainly as the result of low temperatures, 
evaporation rates are so low in alpine regions that even places experiencing 
a mean precipitation of only eight or nine inches in the course of the year 
must be considered as having a humid climate. Even the wind-swept 
summits lie in a region of rather continuous high relative humidity, as is 
evidenced by the ease with which banner and other types of clouds are 
formed. 

Evaporation rates for the year, 1930, for a station within the Sierra 
Nevada (on its more arid side) and a station at its western base, are as 


follows: 


Monthly Evaporation (inches) 


Station Elevation 
May | June | July | August | September 


Tahoe (within Sierra 


6230 feet | 4.12 | 7.31 | 7.50 6.12 4.13 
Oakdale (at its western 
215 feet | 7.75 |14.53 | 15.18 | 13.48 8.05 


(3) Snowyness. Most of the precipitation falls as snow. In the 
extreme West this condition is accentuated, because winter is the season 
of maximum precipitation. Thus, in spite of comparatively mild mean 
annual temperatures, the heaviest snowfall in the United States occurs 
in the three Pacific Coast States. Even in Colorado, where the precipi- 
tation maximum occurs in summer, less than one-quarter of that above 
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the timber line falls as rain. The proportion of snow and hail increases 
toward the summits. 

Mean monthly precipitation (all types, including snow) and snowfall, 
in inches, for two Colorado stations is as follows: 


Long’s Peak Lake Moraine 
(Elevation, 8956 feet) (Elevation, 10,265 feet) 
Precipitation* | Snowfall | Precipitation* Snowfall 
(including snow) (including snow) 

Pe 0.82 11.2 0.74 12.3 
1.20 16.0 0.97 16.8 
1.92 25.4 1.76 27.3 
3.07 32.6 3.23 36.1 
2.33 14.8 2.46 15.8 
1.62 1.0 2.61 2.9 
3.23 0.2 4.44 Trace 
2.16 0.0 3.66 0.1 
September.......... 1.75 4.9 1.56 2.6 
1.54 15.4 1.63 16.4 
ae 0.81 11.0 0.80 12.9 
December........... 0.93 13.5 0.89 14.9 


* Hail is included in total precipitation but not in snowfall. 


GEOMORPHIC PROCESSES 


Though the majority of constructional land forms encountered at 
higher elevations, such as forms of volcanic or tectonic origin, are, in 
their pristine state, identical with those of lower elevations, their de- 
struction involves sequential changes through a series of forms charac- 
teristically alpine in nature. Under the climatic conditions outlined 
above, the denudational processes familiar at lower elevations are, to a 
large degree, replaced by others, notable among which are nivation, 
solifluction, and frost action. 

Nivation refers particularly to the type of rock disintegration that 
takes place marginally around patches of snow. It is a form of weather- 
ing, consummated rapidly, approaching perfection under the favorable 
combination of sufficient water in soil and in rock plus frequent change 
between freeze and thaw. The resulting detritus moves downslope mainly 
under solifluction—transportation dependent on saturation—and frost 
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action—thrust and heave accompanying ice-formation. These processes 
are so closely allied that it is almost impossible to separate them. 

Andersson * introduced the term “solifluction” in the following words: 
“This process, the slow flowing from higher to lower ground of masses 
of waste saturated with water (this may come from snow-melting or 
rain), I propose to name solifluction.” Without reference to this state- 
ment, Eakin ® starts a six-page discussion with: “The processes of soli- 
fluction, or the migration of detritus under the thrust and heave of frost 
action. . . .” Granting difficulties in separating the two, it appears 
that the substitution is unwarranted: evidently both processes are in- 
volved in the formation of the land forms described by Eakin. Antevs ° 
states that solifluction is a form of frost action, taking place in water- 
logged, sloping ground, and that: “The movement is a viscous flowage 
of more or less mushy, clayey débris in streams or broad sheets.” Stones 
and coarse detritus may be moved in various ways as the result of “frost 
action” alone. “Creep” does not necessarily involve a high degree of sat- 
uration. “Mud flow,” “slump,” and “slide” all predicate greater rapidity 
of movement. Unfortunately, the term “frost action” is commonly used 
in describing both a process of weathering and one, or more, of trans- 
portation. For the former, “frost prying,’ “frost wedging,” or even 
“frost weathering” might be introduced. The complexities of the latter 
can be appreciated in reading Antevs.’ In any event, there is real need 
for the term “solifluction” to describe a process either closely allied to, 
or wholly divorced from, frost transportation, strictly in keeping with 
its original definition by Andersson. 


Groups oF LAND Forms 
NIVATION DEPRESSIONS 


The characteristic land form resulting from nivation is a depression. 
Matthes * found depressions in the Big Horn Range and published a 


4J. G. Andersson : Solifluction, a component of subaérial denudation. Jour. Geol., vol. 
14, 1906, pp. 95-96. 

5H. M. Eakin: The Yukon-Koyukuk region, Alaska. U. S. Geol. Survey Bull. 631, 
1916, p. 76. 

¢F. Antevs: Alpine Zone of Mt. Washington Range. Auburn, Maine, 1932. 

Idem, pp. 43-70. 

8F. BE. Matthes: Glacial sculpture of the Bighorn Mountains, Wyoming, U. S. Geol. 
Survey, 21st Ann. Rept., 1900, pt. 2, pp. 180-183. This statement is repeated, confirmed, 
and extended by W. H. Hobbs: Characteristics of existing glaciers, New York, 1911, pp. 
19-22. I. Bowman: The Andes of southern Peru, New York, 1916, p. 286ff, agrees with 
Matthes on most points but extends the meaning of nivation and convincingly argues, for 
the forms he describes, that sliding motion on the part of snow is an effective agent of 
erosion. 
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pioneer statement as to their origin, clearly pointing out (1) the rapidity 
with which alternations between freeze and thaw disintegrate rocks in 
the vicinity of snow drifts, (2) the effective transportation of débris as 
the result of frost action and saturation caused by melting snow, (3) the 
protection from aqueous erosion afforded by a snow drift to the ground 
immediately beneath, and (4) that the depressions formed by these proc- 
esses are not due to sliding of the snow. 


FicureE 1.—Nivation Depressions 


Westward slope of the Warner Range, northeastern California, near Bald Peak, eleva- 
tion about 8250 feet. Dimplelike nivation depressions, some filled with snow, others 
empty, are shown on the slope toward the right (west). Nivation cirques of ephemeral 
snow drifts occur just east of the crest, an excellent example being shown in the 
middleground. j 


Though considerable variety of form exists in nivation depressions— 
some being so shallow that they are hardly noticeable, whereas others 
might readily be mistaken for large glacial cirques—they all have certain 
essential features in common, and all resu!t from the same denudational 
processes. Their differences depend in part on contrasts in underlying 
bedrock but even more on (1) the steepness of the slope on which they — 
have been formed and (2) the length of the season during which they 
are occupied by snow. 
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On comparatively gentle slopes, nivation depressions are ordinarily 
rather shallow. If such slopes are broad, the depressions resemble so 
many dimples, which together may cover from one-half to almost the 
entire surface. As a rule, they are quite distinct, both in close and distant 
views, but at times only vegetational contrasts direct attention to them, 
and close inspection is necessary to reveal their concavity. The hillside 
above the large snow drift in the middleground of Figure 1 is covered 


FiagurE 2.—Steep and gentle slope Nivation Depressions 


Eastward slope on the Continental Divide, including north slope of Mount Bancroft, Clear 
Creek County, Colorado, elevation of foreground 12,700 feet. 


with nivation depressions, many of which contained no snow at the time 
the photograph was taken. Individual depressions vary in diameter from 
a few tens to a few hundreds of feet, and under favorable conditions 
(gentle slope and ephemeral snow cover) may be nearly round in plan. 
Depths vary from a few inches to tens of feet and, in proportion to widths, 
tend to increase notably on steeper slopes. Increased depths and circu- 
larity of outlines are favored by an annual cycle that includes a season 
of complete absence of snow cover. If snow remains throughout the 
year, the depressions tend to become elongate horizontally. In downslope 
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profile, their upper slopes are steepest and descend with concavity to 
a more or less flattened floor. This floor is ordinarily bedrock, more 
or less weathered, but downslope it is not uncommonly extended as the 
upper surface of a convex deposit of débris from the depression. 

On steeper slopes the influence of bedrock structures on depression 
shapes is much more pronounced. Irregularities determined by jointing, 
stratification, foliation, and other types of unequal resistance may over- 
come all tendencies toward circularity of plan. In extreme cases the de- 
pressions are nothing more than crevices bounded on either side by joint 
surfaces. Right-angle joint patterns condition many depressions whose 
deeper portions, remaining filled with snow in summer, stand out as 
conspicuous landmarks. The cross on the Lake Tahoe side of Mount 
Tallac, in California, is an excellent example. The landscape in Figure 2 
includes nivation depressions on both steep and gentle slopes. The huge, 
gentle sloped depression in the foreground is partially filled with snow. 
The inclination above (to the right) is a surface greatly modified by these 
dimplelike concavities and their complementary topographic bulges. On 
the steeper slopes in the background are many highly irregular depressions, 
few of which contain snow. Immediately to the left (east) of the last 
summit toward the right is a more rounded, snowfree depression of the 
gentle-slope variety. 

The irregularly sculptured slope in the background of Figure 2 calls 
to mind a number of contrasts between alpine landscapes and those of 
lower elevations. In the first place, its barren ruggedness recalls desert 
rather than humid topography. The relationship is truly close and results 
primarily from the combination of rapid weathering and absence of 
vegetational cover. Talus slides are the counterparts of wet-weather rills 
or small stream gullies in humid landscapes. From infancy to adolescence 
they resemble closely the talus slides of desert mountains, but always with 
certain contrasts conditioned by nivation and frost action in the alpine 
scene. In extreme cases they contain interstitial ice, and through a series 
of forms, including rock glaciers,® become digital tributary glaciers. 
When well sheltered by surrounding ledges, they become sites where snow 
accumulates to greatest depth and remains longest in the warm season. 
If the movement of talus is comparatively rapid, it may be impossible 
for nivation to modify the relatively even inclination of the slide surface, 
but if the movement is slow, the talus may become dented with numerous 


®°S. R. Capps: Rock glaciers in Alaska. Jour. Geol., vol. 18, 1910, pp. 359-375. 8S. 
Finsterwalder : Begleitworte zur Karte des Gepatschferners. Zeitschr. f. Gletscherkunde, 
vol. 16, 1928, p. 33. ; 
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depressions of nival origin. As boulders and spalls roll down a snow 
surface with greater ease than down similarly inclined talus, they accu- 
mulate below the lower margins of permanent or semi-permanent snow 
drifts, where they form conspicuous benches. An excellent example of 
the latter occurs on the southern side of Patterson Lake, in the Warner 
Range of northeastern California. When adolescence is passed, the talus. 
slides of alpine regions begin to unite as a result of basal coalescence, and 


Ficure 3.—Nivation Cirques 


Crest of the Warner Range, northeastern California, south from Eagle Peak, elevation 
nearly 10,000 feet. Nivation cirques containing snow lie just east of the crest, at an 
elevation of about 8500 feet. Their rounded outlines are those of depressions due to 


ephemeral snow drifts. 


later on, as their inclination diminishes, pass through sequential forms 
into solifluction slopes. Parallel development in the desert leads to 
panfan slopes.*° 

Nivation depressions are particularly conspicuous along ridge crests. 
Not uncommonly they fret whole crestlines as groups of scallops, concave 
downslope. Though by no means confined to northward and northeast- 
ward slopes, they are usually best developed in those directions. The 


10 A, C. Lawson: The epigene profiles of the desert. Univ. Calif. Bull. Dept. Geol. Sci., 
vol. 9, 1915, pp. 23-48 


LXI—Butu. Grou. Soc. AM., Vou. 44, 1933 
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plan of each depression depends to some extent on bedrock structures 
but even more on the length of the season of snow cover. If the cover 
is ephemeral, i. e., if the snow disappears each summer, the scallops are 
individually smaller and more rounded in plan. Examples are shown in 
Figure 3. The term “nivation cirque” seems particularly appropriate 
for these forms. The head of a similar nivation cirque is shown in the 


Ficure 4.—Elongate Nivation Cirques 


View northward along the Continental Divide from about 1 mile north of Rollins Pass, 
Corona, Boulder County, Colorado, camera elevation 11,700 feet. 


foreground of Figure 1. If the snow cover lasts throughout the year, 
only the ends of each depression are rounded, and the drift itself tends 
to extend horizontally and not uncommonly with rather uniform width 
from top to bottom. These forms might well be called “elongate nivation 
cirques.” One of these, fairly well developed, is shown in the center of 
Figure 4 and a second, far in the background, toward the right. Figure 5 
shows a portion of an elongate nivation cirque in greater detail. 

The characteristic difference between nivation cirques of ephemeral 
and of perpetual snowbank origin bears out the validity of Matthes’ ob- 
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servations and conclusions in the Big Horn Range and furnishes a basis 
for extending his line of reasoning. Both types of depressions clearly 
depend upon rapidity of weathering and an adequate means for the 
transportation of weathered débris. The locus of most rapid weathering 
js a zone around the immediate margin of a snow drift, and its time is 
during the season of most frequent thaw. In the case of ephemeral drift, 


Ficure 5.—Portion of an elongate Nivation Cirque, with Sod being moved by Solifluction 


View west toward the Continental Divide, about half a mile south of James Peak, Clear 
Creek County, Colorado, elevation 12,800 feet. 


the area of most rapid attack is intensified toward the place from whence 
the snow last disappears, not only because the margin of the snow is 
located there during the season of most frequent thaw, but also because 
rapid weathering is experienced there every time the snow disappears, 
whereas the distal extent of snow cover is variable. It is the proximal 
spot of each depression that ordinarily becomes the deepest, and as its 
area is relatively restricted, the outline of a nivation depression of ephem- 
eral snow drift origin usually becomes as well rounded as slope and 
bedrock conditions permit. 
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In the case of the perpetual snow drift, a certain zone is always pro- 
tected by snow cover. Rock on the upper side becomes well disintegrated, 
but its removal is hindered by the presence of the drift. Disintegrated 
rock below the drift is removed rapidly enough so long as solifluction is 
the chief agent of transportation, but this increases slope and promotes 
better drainage, so that rills of running water replace the zone of satura- 
tion present in the earlier stages of the rift. The substitution of this less 


Figure 6.—Nivation Cirque within Glacial Cirque 


Picture taken one mile north of Corona, immediately east of the Continental Divide, 
Boulder County, Colorado, elevation 11,300 feet. The scale is indicated by the track 
in the prospector’s workings at the base of the detrital bulge in front of the nivation 
cirque. The detrital materials, while not uniformly reduced, are notably finer than the 
talus on either side. 


efficient means of transportation prolongs the life of the drift. In time, 
however, basal oversteepening leaves it perched in a precarious position. 
During stages, and what may be termed microstages, of glacial advance, 
perpetual snow drifts tend to become glaciers or glacial feeders. During 
stages of retreat they become perched, and their final history appears 
to be written in terms of snowslides. Examples of perched perpetual 
snow drifts are relatively common in any such region as that surrounding 


2 
nd 
1 
iz 
‘ 
=, 
| 
i 
} 
| 
| 


GROUPS OF LAND FORMS 939 


Arapahoe Peak, Colorado. It is at the edges that perpetual snow drifts 
most closely resemble their ephemeral relatives in attacking bedrock. 
Longitudinal restriction during the warm season defines a zone of rapid 
weathering, in which transportation of débris is readily accomplished. 
In the course of time, slope and bedrock aaa such drifts assume 
their typical elongate form. 

Nivation depressions appear to be the most characteristic denudational 
forms of alpine regions. They occur on all surfaces not absolutely flat 
or precipitous. They are not restricted to any particular kinds of rock. 
Those shown in Figures 1 and 3 occur in basalt and in andesitic agglom- 
erate. Figures 2, 4, and 5 show them in crystalline and closely related 
metamorphic rocks. Even poorly consolidated clastic rocks are not im- 
mune from nival attack, for many talus slopes and glacial moraines 
bear scars of post-glacial nivation. Figure 6 shows a nivation cirque 
which has eaten its way back through talus in a glacial cirque and is now 
actively attacking and oversteepening its original bedrock wall. 


SOLIFLUOCTION SLOPES 


In alpine regions, transportation under solifluction and frost action 
overshadows that effected by wind or streams, both in quantity of material 
moved and in the extent of territory over which they operate. Herein 
lies the explanation of numerous forms, ranging in size from minute, 
steplike benches to slopes covering whole mountain sides and broad sur- 
faces across highlands which may readily be mistaken for parts of pene- 
plains. Many of these forms have been described from subarctic tundras," 
but they have received far too little attention in lower latitudes. Bow- 
man 7? discusses the interesting special case of nivation in tropical high- 
lands, where snow cover is subject to small seasonal oscillations only 
and where complications due to deglaciation could, in many cases, be 
avoided. Solifluction under such conditions should be limited to a more 


11 J, G. Andersson: Op. cit., pp. 91-112, remains to this day the outstanding paper on 
solifluction. H. M. Eakin: Op. cit., pp. 76-82, 13 illustrations, presents excellent ob- 
servational material and the important idea of “altiplanation.’”” In The Cosna-Nowitna 
region, Alaska, U. S. Geol. Survey Bull. 667, 1918, p. 50, he presents additional observa- 
tions and an interesting description of a “landslide” initiated on a slope of but 10°. 
W. E. Ekblaw: The importance of nivation as an erosive factor and of soil flow as a 
transporting agency, in northern Greenland, Nat. Acad. Sci., Proc., vol. 4, 1918, pp. 
288-293, gives an excellent account of conditions very similar to those in the alpine por- 
tions of western United States. W. H. Hobbs: Op. cit., pp. 18-22, presents interesting 
observations from Swedish Lapland, and elsewhere. N. M. Fenneman: Physiography 
of the western United States, New York and London, 1931, p. 164, quotes Matthes, 
without apparent enthusiasm. 

12T, Bowman: Op. cit., pp. 285-294. 
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restricted zone than in middle latitudes. Ekblaw '* has recognized the 
widespread occurrence of solifluction in New England, apparently using 
the term strictly in accordance with its original definition. Antevs * 
appears to include solifluction when he states, “The planation carried 
out by the frost phenomena referred to is very considerable, it having, 
with the help of the ice sheets, produced lawns, benches, and spurs on 
the range.” In his “Alpine Zone of Mt. Washington Range,” pages 43-70, 
under the general heading, “Movements of débris by frost,” an excellent, 
detailed description of transportational processes also characteristic of 
western mountains is given. Whereas many of these are solely due to 
frost action, others are due to solifluction (which Antevs clearly recog- 
nizes), and in many cases the two processes work so closely in combina- 
tion that separation is virtually impossible. It is only for the sake of 
convenience and brevity in the present paper that the term “solifluction” 
is used in a generic sense to include such a vast number of specific 
processes. 

The effectiveness of solifluction and frost action as agents of trans- 
portation is such that streams above timber line are ordinarily unable 
to carry away débris as rapidly as it is supplied to them. Valley sides 
are degraded so rapidly and valley bottoms aggraded so effectively that 
streams are overwhelmed and valley floors flattened as the deposits accu- 
mulate. Matthes ** has directed attention to U-sections developed through 
this type of floor flattening, and Ekblaw '* emphasizes such occurrences, 
citing examples where lakes have been formed behind dams of solifluction- 
transported débris. 

Streams flowing down alpine valleys, local base-level conditions per- 
mitting, rather commonly deepen the lower ends of their channels so that 
they kecome gorges. In some cases this is actual rejuvenation in bedrock 
or in earlier valley fill, but not uncommonly it is the expression of a 
contest between vertical corrasion, on one hand, and solifluction, on the 
other. If vertical corrasion were for any reason to stop, solifluctional 
transportation would move the walls inward and soon obliterate the 
channel. Followed upstream, the channels of such streams decrease in 
depth until finally, where flood-stage corrasion is unable to overcome 


13 W. E. Ekblaw: The importance of solifluction (abstract). Annals Assoc. Am. 
Geogrs., vol. 21, 1931, p. 121. 

4B. Antevs: Frost action in the White Mountains (abstract). Bull. Geol. Soc. Am., 
vol. 43, 1932, pp. 134-135. 
13 Ff. E. Matthes: Op. cit., 1900, p. 183. 
16 W. E. Ekblaw: Op. cit., 1918, p. 291. 
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solifluction, valley-clogging processes dominate, and the streams are 
forced to meander rather aimlessly, or even to dissipate their waters ir- 
regularly through meadowlands or boggy valley flats. These wet bottoms 
function as floodplains along the upper courses of streams, but farther 
downstream they appear to stand as terraces above the channels in the 
gorges. In reality, these valley bottoms are chiefly the expression of 
solifluction and, strictly, should be considered neither floodplain nor 
terrace from the genetic standpoint. 


Figure 7.—Solifluction Slope 


View just south of James Peak, Clear Creek County, Colorado, elevation 13,000 feet. 


Leading down to the clogged valley floors of alpine regions are the 
main solifluction slopes. Bedrock conditions in some places prevent 
broad development, but not uncommonly these slopes cover whole moun- 
tain sides. In distant view they may appear smooth and may effectively 
conceal scale-indicating elements. Smooth, green, matted patches of 
vegetation, apparently swards inviting to the feet of the tramper several 
miles distant, may be thickets of aspen ready to tear off his clothes, or 
rough block and slab-covered solifluction slopes supporting only scattered 
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patches of turf and small plants between sharp-pointed rocks ready to 
lie gnaw off the soles of his shoes. Some of the stones apparent in moderately 
close views prove to be blocks 10 feet in diameter. A slope of this type 
is shown in Figure 7. 

Stream channels are rarely developed on alpine solifluction slopes. 
Indeed, their absence is one of the striking points of contrast between 


Ficure 8.—Solifluction Slope and Altiplanation Terrace 


: Western base of Kingston Peak, Clear Creek County, Colorado, elevation, 11,900 feet. 
; Sharp break at the base of a solifluction slope, at the right, and an altiplanation terrace, 
f in the foreground and toward the left. A group of connected pools of standing or 

gently flowing water outline the base of the slope. 


alpine and desert scenes. When present, they are ordinarily confined to 
rather short distances below perpetual snow drifts. Downslope movement 
of water is accomplished chiefly through seepage in mantle rock. Patches 
of saturated soil on benches and slopes of gentle gradient bear witness 
to the low evaporation rate. Saturation becomes more and more apparent 
toward the base of a long solifluction slope, where pools of water, such 
as are shown in Figure 8, are likely to occur on flats. Sphagnum moss, 
or similar vegetation, may act as a retaining sponge for excess water, 
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not only in valley bottoms but for considerable distances upslope as 
well, in some places forming large areas of boggy surface that may prove 
very troublesome to the inexperienced alpine tramper. 

The final expression of solifluction and frost action is the altiplanation 
terrace. This land form, as observed in Alaska, was described by Eakin," 
but it is by no means restricted to sub-Arctic regions. Nothing more 
adequately illustrates the effectiveness of alpine degradation processes 
than do these flats of variable width on mountain summits, ridge noses, 
in passes, and elsewhere. The solifluction slope, degraded to near hori- 
zontality, is the altiplanation terrace. Upslope, it “includes an inner 
zone of fluent materials that assume a level surface under the stress of 
gravity.”1® Downslope, the débris is coarser and evidences of frost- 
heaving are more common. A stable rim includes the sharp outer margin 
of the terrace and is composed of angular talus free from water and fine 
materials, Although the inner portion of an altiplanation terrace is 
a destructional form, its outer margin is aggradational. These terraces 
thus resemble benches of marine corrasion, with their outwardly-extending 
platforms of submarine aggradation. The term “terrace” seems inept 
during growth. Some such terminology as “solifluction benches” or 
“platforms” for active surfaces, and “terraces” only after some tectonic 
or other disturbance has changed conditions from wax to wane, would 
be more appropriate. For marine features it would also be excellent if 
“terrace” were used only after uplift or depression had rendered surfaces 
subject to removal or obscuration. 

Where altiplanation terraces occur on slopes, their inner margins are 
sharply outlined by an abrupt slope change, such as is shown in Figure 8, 
and usually by a zone of saturated soil. Solifluction is here very active 
and ordinarily causes basal oversteepening, such as is shown in the figure. 
The degree of saturation decreases toward the outer margin of the terrace. 
As the outer bulwark of the terrace is composed of angular talus and is 
quite dry, it has led Eakin to believe that it is wholly the product of frost 
action, without solifluction. More probably, it was originally the product 
of solifluction but, as in the case of the well-known stone rivers of the 
Falkland Islands, the finer materials have been removed, leaving the 
talus as a residual deposit. Thus regarded, the outer edge is a stable 


17H. M. Eakin: Op. cit., 1916, pp. 78-79. Altiplanation is used ‘“‘to designate a special 
phase of solifluction that, under certain conditions, expresses itself in terrace-like forms 
and flattened summits and passes that are essentially accumulations of loose rock 
materials.” 

18H. M. Eakin: Op. cit., 1916. p. 81. 
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feature and is well capable of supporting the terrace until the latter has 
destroyed the slope above. Finer débris will continue to pass downward, 
but coarser materials will be lodged on the bulwark. 

Numerous minor forms are associated with solifluction and frost action. 
Antevs }* describes many of these from New England and presents an 
excellent bibliography of occurrences elsewhere. A contest between tensi- 
bility of roots and solifluctional movement at times breaks turf into 
a series of little benches resembling steps, with trends and risers of 
a few inches. So tenacious is turf that in some instances channels of 
running water below perpetual snow drifts remain completely hidden be- 
neath its cover. This occurred below the drift shown in Figure 5. At 
one place a stream could be heard beneath the surface and was followed 
fully 100 yards to a collapse which revealed a channel six feet deep and 
four feet wide. 

Polygonboden and other evidences of frost-heaving are best developed 
on flatter surfaces, as on altiplanation terraces. They occur on the rather 
flat tops of old moraines near the summit of Tioga Pass, California.*° 


PREVALENCE OF ALPINE PROCESSES 


Dominance of nivation, solifluction, and frost action in the production 
of sub-Arctic land forms has been appreciated by a number of observers. 
Capps ** has cited some striking contrasts between high latitude and 
temperate region geomorphology. Ekblaw ** states that “nivation and 
solifluction attain a degree of importance in northern Greenland not 
generally appreciated [and are] of prime importance in the reduction 
of the high relief.” If geomorphologists have been somewhat slow in 
their acceptance of these facts for sub-Arctic regions, they have been 
even slower in recognizing their widespread development in the alpine 
portions of western United States. During the study of the Big Horn 
Range, Matthes ** found his “attention . . . repeatedly attracted by 
certain bare and desolate-looking areas” that he correctly explained on 
the basis of nivation. Andersson ** clearly emphasized that “the alpine 


1” E. Antevs: Op. cit., pp. 43-68, and bibliography. 

20These are very accessible. Leave the highway, east of Yosemite Valley, at the 
monument marking the main summit, and walk slightly north of a due east course for 
about a quarter of a mile, at which point polygonboden are distributed over a surface 
several acres in extent. 

28. R. Capps: Op. cit., p. 359. 

22 W. E. Ekblaw: Op. cit., 1918, pp. 288, 293. 

23F. E. Matthes: Op. cit., 1900, p. 180. 

2% J. G. Andersson: Op. cit., pp. 110-112. 
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tracts of lower latitudes are favorable for the development of . . . [soli- 
fluction and there it] is a chief agent of destruction. The unceasing 
succession, summer after summer, of mud-streams and moving slopes 
indicates that here the removal of waste runs on at a rate that may be 
unsurpassed in other parts of the earth’s surface—except in the deserts.” 

Striking testimony as to the general prevalence of solifluction and 
frost action in alpine regions is found in the characteristic transverse 
sections of mature valleys. For the most part, these are flat-floored and 
have even walls, gently or moderately inclined. Although in some valleys 
these flattened U-sections are the expression of glacial modification,*® 
this is by no means universally, and probably not even usually, true. 
Commonly, the valley floors are detrital materials deposited, or in motion, 
by solifluction, expressions of streams overwhelmed by rapid downslope 
transportation. On the other hand, V-sectioned valleys at lower eleva- 
tions testify to the ability of streams to remove débris as rapidly as it is 
supplied, by such processes as creep, slump, slide, sheet wash, and by tribu- 
tary channels. It might be argued that this contrast is not proof of the 
greater speed and efficiency of alpine slope transportation but of the fact 
that alpine streams are frozen for a number of months each year and hence 
suffer a greater handicap than do the streams below. This argument 
can not be granted. Low altitude streams spend most of their time 
accomplishing little or nothing, or even in reversing their general denuda- 
tional trends. It is only during periods of highest water that the bulk 
of their transportational achievement is effected. These periods are 
comparatively short, and, together, represent only a small fraction of 
the time during which the streams flow. If the transporting period of 
alpine streams is limited by long periods of freeze, so, too, is frost action 
and solifluction. In fact, the alpine streams remain unfrozen for longer 
periods than do the soils on the slopes above ; hence, soil-moving processes 
suffer even greater handicap from this cause than does stream transporta- 
tion. 

It seems evident in reading the usual geologic description of almost any 
alpine region in western United States that too little thought has been 
given to alpine denudational processes and too much to the attempt to 
explain surfaces in terms of processes of lower altitudes and to glacial 
achievement. 


25 Strikingly true on the northern side of Yosemite Valley, e. g. the beautifully polished 
and striated shallow valley just west of Tenaya Lake. 
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OVEREMPHASIS ON GLACIATION 


Changes wrought by alpine glaciation are particularly striking, and 
for that reason their fame overshadows that of forms produced by more 
humble agencies. The hanging valley, the cirque, the tarn, or the glacial 
chimney readily catches the eye. A critical observer begins to notice 
such delightful contrasts as the apparent smoothness of glacially scoured 
valleys in downstream view versus their impressive roughness in the 
opposite direction. Even the most competent geologist is likely to find 
his observational activities focused upon glacial phenomena, for the 
reason that practically every highway, and even the trails leading to 
places having the reputation of being remote, follow courses mainly deter- 
mined by glaciers. Alpine photographs ordinarily feature one or more 
striking glacial forms. On topographic maps, features of glacial sculp- 
ture or deposition loom prominently because of size and distinctiveness. 
It thus seems perfectly natural that the réle of glaciation in producing 
existing alpine scenes has been much overemphasized. 

Even above timber line, where alpine Pleistocene ice-mantles were 
most extensively developed, impressive changes attributable to glaciation 
were, in the main, restricted to valleys and their vicinities. Large ice 
caps were probably few in number and certainly unimportant in denuda- 
tional results. Describing an area where, for western United States, 
they were probably best developed, Matthes °° states: “It is now definitely 
known that the uplands have been covered with ice only in part and no- 
where to any great depth, so that their original features could not pos- 
sibly have been smoothed away by glaciation,” and, with reference to 
glacial mantles, “That term might seem to imply a thick layer of snow 
and ice spread rather evenly over the ups and downs of the landscape, 
but in reality the bulk of the snow and ice in a region of rugged moun- 
tains in process of being glaciated is concentrated in the valleys, where 
it may attain depths of hundreds or even thousands of feet, whereas on 
the steep-sided peaks and crests there may be but a thin veneer of snow, 
or in places none whatever.” ** But even these ice mantles were formed 
chiefly during times of maximum glacial advance. During epochs of 
retreat and lesser advance and duriag interglacial stages even the highest 
regions were comparatively free from them. It is thus evident that, even 
during the Pleistocene, processes other than glacial have been at work 


**F. E. Matthes: Geological history of the Yosemite Valley. U. S. Geol. Survey Prof. 
Pap. 160, 1930, p. 34. 
*F, E. Matthes: Ibid., p. 52. 
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over most of the territory above today’s timber line, and that they, 
rather than glaciation, are responsible for most of the forms in land- 
scapes of the typical alpine scene. It is also evident that all glacial 
forms not now in immediate contact with ice are exposed to environ- 
mental conditions unlike those under which they were formed and, hence, 
are subject to alteration and destruction. Although.the erasure of glacial 
forms is not particularly impressive as yet, it is proceeding, and de- 
glaciated surfaces are in process of becoming more typical alpine land- 
scapes. 
PossiBLE MISINTERPRETATIONS 


Nivation cirques resemble glacial cirques both in form and in situation. 
Ekblaw ** states that as a result of nivation alone “a typical cirque may 
be initiated” and that frequently “the snow all melts away during the 
summer and no ice is formed, yet the cirque-form continues and the 
process [of development] goes on.” He suggests that “A cirque in which 
ice has played no part can usually be distinguished by its rough and un- 
even floor, not at all like the scoured floor of a cirque once containing 
a glacier.” This criterion fails in the mountains of the West. Many 
glacial cirques have floors greatly roughened by plucking, and many 
nivation cirques have floors smoothed by solifluction. The floors of the 
former, however, usually consist of relatively fresh bedrock. If polish 
or strie occur, the evidence for glacial origin is complete. The floor 
of a nivation cirque is ordinarily composed of finely comminuted detritus, 
though on steeper slopes it may consist of bedrock in process of disin- 
tegration. It is not the purpose of the present discussion to deny that 
glacial cirques are numerous in alpine regions. Of that there can be 
no doubt. Caution is needed, however, particularly along ridge crests, 
in advancing any hypothesis of glacial origin until origin through niva- 
tion has been definitely eliminated. 

U-shaped valleys in alpine regions have probably been too readily as- 
sumed to constitute evidence of deglaciation. They may originate in 
many ways. The caution suggested by both Matthes and Ekblaw deserves 
emphasis. In the absence of polish, strie, plucking, moraines, or other 
definite proof of glacial origin, the hypothesis that such sections result 
from frost action and solifluction merits careful attention. It must be 
emphasized that these processes act with such rapidity that even though 
streams of ice did occupy certain alpine valleys in the past, their present 
U-sections may be quite unrelated to that fact. 


2 W. E. Ekblaw: Op. cit., 1918, p. 291. 
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Materials of solifluction slopes resemble glacial till. Andersson *° de- 
scribes, in a mass of stony débris definitely moving under solifluction, 
“a kind of stony clay charged with big blocks, the whole having much 
resemblance to some types of glacial till.’ The diameter of the largest 
measured block was 1.5 meters. None of these blocks rested upon solid 
rock but always “upon the stony mud.” In a similar occurrence, Eakin *° 
mentions that the blocks are always “subangular and not waterworn” 
and that: “In places blocks weighing tons are included.” His statements 
are well substantiated by photographs. Though form, distribution, and 
other criteria should easily demonstrate whether such materials belong 
to solifluctional deposits or to glacial moraines, it might be impossible 
to tell an old, well-indurated solifluctional deposit from a true glacial 
tillite. 

Those who consider topography mainly in terms of tectonic history 
may, indeed, encounter obstacles in altiplanation terraces! “Such features 
are broadly distributed in Alaska. From the international boundary 
westward into the Seward Peninsula and from the Kuskokwim lowland 
northward to the Arctic Circle there is hardly an extensive landscape 
in which some of these features are not included. In some places but 
a single terrace may be developed ; in others they occur in great numbers, 
and it is not uncommon to find a mountain group in which every summit 
and pass is flat and every spur descends in a series of broad, steep-fronted 
terraces.” ®t Conditions appear to be similar in Greenland, for: “Both 
on the slopes and on the plateaus, the terraces resulting from solifluction 
are everywhere conspicuous.” ** The writer’s observations lead him to 
believe that in western United States an appreciation and recognition 
of altiplanation terraces will not only simplify the orogeny proposed for 
several mountainous regions but will result in the discarding of several 
high-altitude peneplains as well. 


CONCLUSIONS 


In such portions of western United States as now experience alpine 
tundra climate the processes of the familiar erosion cycle are, to a large 
extent, replaced by nivation, solifluction, and frost action. Nivation 
depressions and solifluction slopes are dominant among alpine land forms. 
The former display considerable variety, differences being due chiefly to 


2° J. G. Andersson: Op. cit., p. 100. 
30H. M. Eakin: Op. cit., 1916, p. 79. 
31H. M. Eakin: Op. cit., 1916, p. 78. 
% W. E. Ekblaw: Op. cit., 1918, p. 292. 
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contrasts in slope gradients and to differing persistence of snow cover. 
Valley clogging, with concomitant drainage modifications, is ordinarily 
the expression of erosion by streams overwhelmed by solifluctional trans- 
portation. Numerous minor forms, including polygonboden, increase the 
contrasts between alpine surfaces and those of lower elevations. Existence 
of glacial forms is by no means denied, but they should not be given 
undue emphasis in geomorphologic descriptions, and it must always be 
recognized that where not now in immediate contact with ice, glacial 
forms are exposed to erasure. Several alpine forms may be confused 
with others of an entirely different origin and thus may readily lead to 
erroneous conclusions concerning mountain history. 
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INTRODUCTION 


The finding of fossil footprints by Sir William Logan at Horton Bluff, 
Nova Scotia, in 1841 was the first evidence found of air-breathers in the 
Carboniferous. This discovery was noted in the proceedings of the Geo- 
logical Society of London in 1842, but no name was given to the tracks at 
that time. 

Sir William Dawson (1)? in 1863 published a brief description and a 
figure of these tracks but referred to them as footprints discovered by Sir 
W. E. Logan. In 1882, Dawson (3) proposed the name Hylopus logani 
for the tracks. In a later reference to this species by Dawson (4, page 
78), through a typographical error, the date of the original description 
was given as 1852. Hay (7, page 546) and Matthew both seem to have 
overlocked the paper in which the species was named. The type is in the 
collections of the Geological Survey of Canada, Catalogue No. 4622, and 
as the woodcut published by Dawson lacks certain details, an unretouched 
photograph of the specimen is reproduced in Plate 36, Figure 1. 

In Dawson’s characterization of the genus Hylopus, he regarded five 
toes as being the complete number in each foot, but Matthew (11, page 
250) concluded that there were but four in the manus. At a later date, 
Gilmore described a new species of Hylopus (6, pages 45-50) and con- 
cluded that Dawson was correct in his determination of five toes on both 
fore and hind feet. 


1 Manuscript received by the Secretary of the Society, February 1, 1933. Published 
by permission of the Director of the Geological Survey of Canada. 
2 Numbers in parentheses refer to numbered list of references at the end of this paper. 
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An examination of the type specimen (plate 36, figure 1) seems to show 
that the fore, as well as the hind, foot possessed five toes. Of course, it 
is difficult to state which track of those preserved in the type specimen 
represents the fore foot, but two definitely show five toes (the central 
one of the right and upper one of the left side), and others suggest that 
the complete number should be five. In the track on the left side, just 
behind the one showing five toes, three toes are distinctly seen, but both 
Nos. I and V appear to be absent. The lower track (first of series) of 
the left side reveals four toes, but the small No. 1 is not present. 

The depressions are gently rounded below and of uniform width and 
depth throughout most of their length. One track shows a suggestion 
of bluntly pointed claws. The unequal length of the different tracks and 
the difference in the number of toes shown would be explained if the 
theory is accepted that the animal was partly water-borne. This might 
also account for the apparent anomaly of toe No. II being the longest 
of the series. Had the whole weight of the animal been borne by the 
feet, it would seem that with mud as pliable as this, the impression of 
the sole would have been shown. 


DESCRIPTION OF TRACKS 
HYLOPUS HARDINGI Dawson 


Specimen No. 4627, Geological Survey of Canada, is a trackway of six 
well-defined tracks and others which are not so well shown (plate 36, fig- 
ure 2). The slab, which is of fine-grained sandstone, was collected from 
the Coal Measures at Joggins, Nova Scotia, by T. C. Weston in 1893. Five 
of the imprints are of the right side, showing two of the manus and three 
of the pes. The one on the left side is of the pes. These imprints show 
good detail, although two (one manus and one pes) seem to have partly 
obliterated a previously made track. 

These tracks undoubtedly fall within Dawson’s genus Hylopus. They 
closely resemble tracks described by Gilmore (6, pages 45-50) as H. hermit- 
anus from the Permian of the Grand Canyon, Arizona. The differ- 
ence between Gilmore’s species and H. hardingi is not great, and as 
the specimen under discussion comes from the same formation and gen- 
eral locality as H. hardingi, it is here referred to that species. Matthew 
(11, page 249; also 13, page 83) showed that the sole of the foot was 
impressed. This specimen bears Matthew out in this regard but shows 
conclusively that there were five toes in both manus and pes. The tracks 
are smaller than the type of H. hardingi, but the relative position, stride, 
and width of trackway are similar. In both manus and pes the toes are 
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more divergent’and narrower, but this might well be the result of the 
difference in preservation and the nature of the surface on which the 
tracks were made. 

Manus :—Compared with Matthew’s figure of the type of H. hardingi, 
the toes are more widely divergent and more slender. The exact position 
of Digit V cannot be determined with certainty; 1V is long, slender, and 
straight ; III, II, and I are progressively shorter and of uniform breadth. 
The sole is well shown but not as deeply impressed as the toes. 

Pes:—The toes are more slender, and No. V is given off slightly farther 
forward than shown by Matthew for H. hardingi. As in the manus, the 
sole is well shown in its anterior portion but fades out posteriorly. 


Measurements mm 


PSEUDOBRADYPUS UNGUIFER (Dawson) 


In 1872, Dawson (2) described a new species of labyrinthodont track 
from the Carboniferous of Cumberland County, Nova Scotia, as Sauropus 
unguifer. Ata later date, G. F. Matthew (10, page 109; also 12, page 
109) showed that Dawson’s species could not be referred to the same genus 
as the specimen which Lea had described as Sauropus primaevus, and he 
proposed the new generic name Pseudobradypus for it. In his original 
description of the species, Dawson figured the paratype (Catalogue No. 
4629, Geological Survey of Canada), but as far as can be determined no 
figure of the type has ever been published. This fact and the fact that 
Matthew in his discussion of the species gave a different interpretation of 
the tracks from that given by Dawson or warranted by the specimens seem 
to call for some discussion and a figure of the type. This specimen was 
collected by Scott Barlow from rocks of Pennsylvanian age at River Philip, 
Cumberland County, Nova Scotia, in 1871. 

Matthew referred to the paratype as the type, though an examination 
of the original description shows conclusively that the specimen which 
was illustrated was not the type. Dawson referred to the fifth toe as 
having “a long claw, which was plunged into the mud at each step, and 
when the foot was raised, made a curved trace on the surface.” Matthew 
regarded this “toe-drag” as representing a long slender toe and stated 
that: “The hind foot of this animal was a powerful member for grasping 
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and would seem to have been adapted, like that of the sloth, for climb- 
ing in trees.” These toe-drags do not always occupy the same position 
with relation to the track and vary considerably in length. In another 
specimen (Catalogue No. 4632, Geological Survey of Canada) the mud 
seems to have been very soft when the animal waded through it, and two 
toe-drags are’ splendidly shown from one manus impression almost to the 
next one made by the same foot. In the type of P. wnguifer also, the drag 
mark seems to have been made by the front feet, as it does not continue 
on from the impression of the fifth toe of the pes in the three specimens 
in which it is shown, and in one instance the drag mark is partly obliterated 
by the squeezing up of the mud from the hind foot. This shows that 
the depression must have been made by the dragging of the toe of the 
manus before it came to rest and before the pes imprint was made. In 
the paratype (the specimen studied by Matthew) both the front and the 
hind toes seem to have left drag marks. 

A plaster mould was made of the type (plate 35, figure 1). This repro- 
duces the natural impressions of the feet and shows mucl detail that is 
difficult to ascertain from the negative. In the type some impressions 
of the pes, especially the left side, show splendid details. In most impres- 
sions of the manus the details are not so well shown, owing partly to the 
squeezing backward of the mud by the pes, which was often placed just 
ahead of the manus. 

Manus :—Semi-plantigrade; short and broad; broadly rounded heel; 
five short, moderately splayed toes. Dawson (2, page 252) speaks of a 
more obscure impression of a fifth toe. The best impression shows only 
four toes, but others seem to show five. The toes were short, completely 
separated, and terminated in short, acuminate claws. The position of 
this track with relation to that of the pes is variable. 


Measurements of Type 
Manus Pes 
mm mm 
Greatest breadth across 66 68 


Stride (left foot to left foot), 295 mm. 
Width of trackway (center to center), 220 mm. 
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Pes :—Plantigrade; sole of foot, long, mostly smooth; heel, narrowly 
rounded; four short, broad toes, directed forward and terminating in 
short, acuminate claws; fifth toe, far back, given off from higher level, 
and terminating in long claw; stride, short but variable; trackway, wide. 

The paratype (plate 35, figure 3) is considerably larger than the type, 
but detailed measurements are not possible because of the poorer preserva- 
tion of the tracks. In this series the hind foot overstepped the fore foot 
sufficiently to obliterate most of the toe impressions but leaving the impres- 
sions of the sole of the foot in some of the tracks whereas in others the 
hind foot stepped almost directly in the manus impressions. The sole 
impression of the manus is what Matthew regarded as the heel, and what 
he spoke of as the instep was a portion of the mud that was raised as 
a result of the pressure from the pes. The mud was evidently very soft, 
and the feet sank deeply into it. As a result of the mud being partly 
compressed by the manus the sole of the pes is well shown, but the toes 
did not leave well-marked outlines because of the softness of the mud into 
which they extended. In certain tracks, impressions of both front and 
hind toes appear to be mingled, and in some, several of the toes left rather 
long toe-drags. While there is no track that gives complete details of 
the toes as in the type, some show the short broad toes with acuminate 
claws. 

In his original description, Dawson did not recognize that this was a 
double impression, but at a later date (3, page 651) he stated that the 
hind foot covered the impression of the fore foot. Matthew (13, page 77) 
seems to have completely overlooked this fact, which may be partly respon- 
sible for his assigning improbable characters to the species. 


Genus ASPERIPES 


Matthew (10, page 99) described a new genus and species of Carbonifer- 
ous tracks as Asperipes avipes. According to his characterization of the 
genus the manus shows three toes, and the sole projects backward into a 
prolonged heel. The pes has five toes, with the fifth set well back on the 
foot, and a moderately long, well-impressed heel, and is usually placed 
in front of the manus. 

- Matthew also referred Dawson’s Hylopus caudifer to this newly estab- 
lished genus and at a later date added another species as A. flexiles (13, 
page 89). In his description of A. caudtfer, Matthew apparently was not 
dealing with Dawson’s type, as shown by a comparison of his figure and 
the one published by Dawson (1, plate I, figure 3). The writer does not see 
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the justification for removing Dawson’s species caudifer from the genus 
Hylopus to which it was originally assigned. 

Through the courtesy of Dr. T. H. Clark, professor of paleontology, 
McGill University, the writer was given the privilege of examining the 
type of Asperipes flexilis and the specimen figured by Matthew as A. 
caudifer, as well as other types in the Redpath Museum. In the specimen 
figured by Matthew as A. caudifer the impression of the pes appears to 
have been made directly in that of the manus. The track, regarded by 
Matthew as representing the manus, probably has pothing to do with the 
other tracks. 


ASPERIPES LONGIDIGITATUS n. sp. 


A slab of fine-grained sandstone, showing a number of tracks in relief 
(Catalogue No. 4628, Geological Survey of Canada) was collected by Scott 
Barlow from the Coal Measures at River Philip, Cumberland County, 
Nova Scotia, in 1872 (plate 37, A). 

Type:—A fine trackway of 12 tracks on this slab (three of each foot) 
and a well-defined tail or body drag. 

Matthew’s belief that the narrow, long-soled, three-toed track was that 
of the manus seems to be verified by this specimen, in which the five-toed, 
broader-soled foot overstepped the other and obliterated the toe impres- 
sions by the backward pressure of the mud. In none of the impressions 
of the manus is the number of toes determinable, but they suggest three, 
all of which were directed forward. 

Asperipes longidigitatus most nearly resembles A. fleriles but differs 
from that species in the larger size, narrower trackway, definite tail drag, 
toes of pes much longer, less splayed, and the fifth set farther back on 
the foot. 

Manus :—Plantigrade ; placed behind and external to pes; sole, long, of 
medium width, and slightly concave externally; toes, probably three in 
number, long, and directed forward. 

Pes :—Plantigrade; turned slightly inward; sole, deeply impressed, 
broad, moderately long and concave postero-internally; four inner toes, 
long, narrow, and directed forward; fifth toe, small, placed far back on 
foot, and directed forward and outward. 

The tail-drag is represented by a series of narrow striae as though made 
by narrow scales or some other protuberance. The mark is well defined 
but shallow and extends nearly in a straight line midway between the 
footprints. The straightness of this marking might suggest that it is 
a body-drag rather than a tail-drag, but it seems more likely that it was 
made by a short, stubby tail. 
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Measurements 

mm 

Width of trackway, center to center of 100 
Width of trackway, center to center of manus....................00ee cues 125 
16 


The impression of the sole of the foot and the bases of the toes is much 
deeper than that of the distal end of the toes. This would seem to 
show that the main weight was borne by the sole of the foot. 


LAOPORUS CANADENSIS n. sp. 


Two slabs collected by Scott Barlow in 1871 from the Coal Measures 
at River Philip, Cumberland County, Nova Scotia, contain tracks in 
relief which differ from any described species but which appear to have 
their closest affinities with the genus Laoporus from the Coconino sand- 
stone of the Grand Canyon (9). The name canadensis is here proposed 
for the species. 

Type:—The specimen (Catalogue No. 4631, Geological Survey of Can- 
ada), consisting of a trackway of 14 tracks, is chosen as the type (plate 36, 
figure 3). 

The Nova Scotia tracks are very different in size and length of toes 
from the Grand Canyon species, but the similar phalangial formula, semi- 
plantigrade step, broad sole, and forward direction of the toes would 
seem to justify their assignment to the genus Laoporus (5, page 17). 

Generic characters (emended ) :—Quadrupedal ; semiplantigrade ; sole, 
broad ; four digits in manus and five in pes; fifth toe, often not impress- 
ing; toes, directed forward but of variable length; position of feet, 


variable. 
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Specific characters :—Large; sole, well impressed in both manus and 
pes; toes, long; first toe of pes, well set off from others but directed for- 
ward ; toes, of pes at least, acuminate. 

In both specimens from Nova Scotia the trackways are relatively 
broader and the stride shorter than in the genotype (9, plate 1). This 
might be regarded as a specific variation, but it is more probably due to 
the fact that the Coal Measures tracks were made in soft mud through 
which the animal walked with some difficulty. 

Manus :—Smaller than the pes, but the sole is equally well impressed. 
The digits are long and well separated to the base. Digits III and IV are 
subequal in length, and Nos. II and I are progressively shorter, thus 
differing from other species of the genus in which Nos. II and III are 
longest. The breadth of these toes cannot be determined because the mud 
closed in on either side of the impressions after the foot was withdrawn, 
but evidence points to their being rather narrow. They terminated in 
moderately sharp claws. The four toes are directed forward and almost 
parallel, the breadth across the tips being only slightly greater than at 
the bases. 

Pes:—Five moderately broad, acuminate toes which terminated in 
fairly sharp claws. Digits III and IV are subequal in length, and Nos. 
II and I are progressively shorter. In no track can the length of Digit V 
be determined, but it is believed to be shorter than No. I. Digit I is 
well set off from the others but parallel to them. As with all the other 
digits, it is moderately broad at the base but narrows gradually to the 
tip. The sole is short and broad, ending squarely behind. The impres- 
sion of the sole and that of the toes are about equal in depth. 


Measurements 
Manus Pes* 
mm mm 


Breadth of trackway (outside of tracks), 165 mm. 
‘Length of stride (average), about 230 mm. 


3 Measurements for the digits of the pes, except for No. I, are only approximate. 
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TRIFED TRACKS 


On the same slab on which the type of Asperipes longidigitatus is 
preserved are four tracks that appear to differ from any ichnites described 
The tracks are 


from the Carboniferous or closely related formations. 
trifed and were made by a bipedal animal. Superficially they resemble 
the tracks of some of the wading birds, but 

of course there is little probability of their 
having been made by birds. The resemblance, 
however, suggests the name Ornithoidipus for 


the new genus. 
Matthew proposed the generic name Orni- 


thoids (13, page 96) for the reception of 
Dawson’s species Hylopus trifidus (4, page i 
78). Although those tracks are trifed, they ' 
are very different in size, form, and relative i 
position from those under consideration. ' 
Matthew also described a new species as 
Ornithoides adamsi (13, page 97). The 
writer had the privilege of examining and 
photographing both these types, and he does 
not believe the specimen described as O. / 
adamsi is referable to the genus Ornithoides. : 
Two of these tracks show conclusively that , 
there were four toes, all of them long, slender, / 
and directed almost straight ahead. Gilmore H 
has suggested the possibility of these tracks 4 
being referable to his genus Stenichnus from 
the Pennsylvanian of the Grand Canyon, 
Arizona (6, page 68). The presence of four 
long, slender toes directed almost straight 
ahead would suggest their relationship with 
the Arizona form rather than Ornithoides, 
though there is no evidence of a well-defined figure 1.—Type of Ornithoidi- 
heel impression in the Nova Scotia specimen. pus pergracilis a. sp. 
The extreme narrowness of the toes is due, Diagram of trackway illu- 
in part at least, to the closing in of the mud pig macs perce 


after the foot wag withdrawn. : 
In a recent publication * Willard and Cleaves described a trifed track 
from the Rhode Island Coal Measures of Massachusetts as Sauropus ( ?) 


4 Bull. Geol. Soc. Am.. vol. 41, pp. 325-26, 1930. 
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brunensis. That species differs from the specimen here described in hav- 
ing broader toes of unequal length and a long, well-impressed heel. 


ORINTHOIDIPUS PERGRACILIS np. gen. and n. sp. 


T ype :—Two tracks near center of slab (Catalogue No. 4628, Geological 
Survey of Canada). Paratype: two tracks near end of same slab. All 
in relief (Plate 37, B, C, and text figure 1). 

Horizon and locality:—Coal Measures of River Philip, Cumberland 
County, Nova Scotia. 

Description :—Bipedal ; stride, long ; tracks, nearly in direct line ; semi- 
digitigrade ; three long, slender, well-splayed toes. 

One cannot be certain which is right and which is left foot, but the 
first imprint is ascribed to the left, and there seems to be no doubt but 
that both the type and paratype represent a portion of a continuous 
trackway and show the stride. In neither case is there room on the slab 
for another track of the same series. In the case of the type, at least, 
the tracks were made after those of Asperipes longiditatus, and the mud 
may have been somewhat stiffer, but the tracks indicate that they were 
made by a lightly built, graceful, long-legged animal. 

The toes are all united with the sole pad, but this pad is small and 
not well impressed. This indicates that the toes carried the main weight. 
The toes are slender throughout, especially their distal two thirds, which 
is graceful and of uniform breadth. There is no evidence of a claw. The 
toe impressions are not all complete, but examination of all the tracks 
indicates that they were subequal in length and of similar proportions. 
The stride is 180 mm, and the track is 42 mm long, 44 mm across the 
toes at their tips and 20 mm at their bases. The toes are separated to 
the base. Diverication of ? II and III, 34°; of III and IV, 35°. Length 
of toes, not including sole pad, No. II, 28 mm; No. III about 32 mm; 
No. IV, 28 mm. The toes are about 3 mm wide except at the base, which 
is twice this width. 
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EXPLANATION OF PLATES 


PLATE 35.—Carboniferous Tracks 


Figures 1 and 2. Pseudobradypus unguifer (Dawson). Type, No. 4630, Geo- 
logical Survey of Canada. 1/8 natural size. Fig. 1, plaster mould of origi- 
nal specimen, reproducing the track as made by the animal; fig. 2, original 
specimen (in relief). 

Ficure 3. Pseudobradypus unguifer (Dawson). VParatype, No. 4629, Geological 
Survey of Canada. 1/12 natural size. 


Lane 
& 
; 
Me : 
4 
i 
H 
ity 
i 
; 
4 
i 
| 
| 
} 
| 


BULL. GEOL. SOC. AM. VOL. 44, 1933, PL. 35 


CARBONIFEROUS TRACKS 


— 
| 
- 4 
4 
4 
4 
{ 


BULL. GEOL. SOC. AM. VOL. 44, 1933, PL. 36 


CARBONIFEROUS TRACKS 


i 
er 


EXPLANATION OF PLATES 963 


36.—Carboniferous Tracks 


FicurE 1. Hylopus logani Dawson. Type, No. 4622, Geological Survey of Can- 
ada. 1/4 natural size. 

Figure 2. Hylopus hardingi Dawson. No. 4627, Geological Survey of Canada. 
1/4 natural size. 

Fieure 3. Laoporus canadensis n. sp. Type, No. 4631, Geological Survey of Can- 
ada. 1/6 natural size. 
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PLATE 37.—Carboniferous Tracks 


Slab No. 4628 Geological Survey of Canada, with tracks, in relief, of (A) the 
type of Asperipes longidigitatus n. sp.; (B) the type, and (C) paratype of 
Ornithoidipus pergracilis n. sp. 1/4 natural size. 
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INTRODUCTION 


In a former study of the glacial geology of Connecticut the writer 
(Flint, 1930)? stated the opinion that the terraces of gravel, sand, silt, and 
clay, that are conspicuous features of the Connecticut Valley, are of 
lacustrine origin, deposited in contact with wasting glacier ice. More 
recently (Flint, 1932), he amended this interpretation, considering the 
mode of deposition to be dominantly fluvial and the lowest terraces not to 
be of ice-contact origin. The present paper embodies some of the results 
of detailed field study undertaken in an attempt to determine more fully 
the late-glacial and postglacial sequence of events in the Connecticut 
Valley. 

THREE CATEGORIES OF DEPOSITS 

Three classes of deposits, based on mode of origin, are now recognized 
as constituting the Connecticut Valley terraces in Massachusetts and 
Connecticut. In the order in which they were made, they are as follows: 

1. Deposits of gravel, sand, and silt, dominantly fluvial and sub- 
ordinately lacustrine, built in contact with wasting ice, and now forming 
terraces chiefly of constructional origin. 

2. Deposits of clay, silt, and (subordinate) sand, built in an open lake 
that filled part of the valley during or after the disappearance of the ice, 
and later cut into terraces by post-lake fluvial dissection. 

3. Deposits of gravel, sand, and silt, made by streams that trenched 
earlier deposits after the disappearance of the lake, lying as veneers on the 
surface of fluvial erosional terraces of contemporaneous origin. 

Each of these categories is considered in greater detail in the following 
pages. 

Ice-ContTacT FLUVIAL DEPposItTs 

Deposits of this type were earlier described and illustrated (Flint, 
1930), but, as indicated above, they are now believed to be chiefly fluvial 
rather than lacustrine. They include gravel, sand, and silt, mostly cur- 
rent-bedded and as a rule intimately interbedded, with a tendency toward 
poor and incomplete rounding of the individual fragments. Dumps of 
unstratified material are not uncommon, and in at least one exposure 
stratified gravel seems to merge downward into underlying till, suggesting 
close connection in time and circumstances of origin. 

These deposits form rude terraces, most of them having undulatory 
upper surfaces pitted with kettles and shallow sags. Woodworth (1899, 
page 83), who may have made the earliest use of the term ice-contact, men- 
tioned these features as having been made in the presence of lingering 


2 Names and numbers in parentheses refer to References, page 987. 
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masses of ice. The terrace faces are in part (1) the casts of former ragged 
ice-margins against which they were evidently built, in part (2) low 
irregular slopes believed to have originated by collapse as underlying ice 
upon which they were built wasted away, and in part (3) erosional slopes 
dissected and laterally undercut by later streams. These terraces seem 
to have been built as constructional forms either upen residual ice or 
between residual ice and the ice-free side-slopes of the Connecticut Valley. 
Some have the form of fans, without definite ice-contact character. The 
streams that were chiefly responsible for building all of them were appar- 
ently controlled by local and temporary base-levels consisting of bedrock 
thresholds at various elevations, through each of which the drainage 
escaping from the wasting ice was obliged to pass successively, as long as 
residual ice still occupied the axis of the valley. Thus, each terrace was 
probably initiated by the opening of a new threshold lower than the one 
that preceded it. 

Terraces of this type are numerous. They occur high up on the valley 
sides and at intermediate elevations down to about 260 feet in the lati- 
tude of Greenfield, Massachusetts, and about 100 feet near Hartford, Con- 
necticut. These elevations are only approximate. In general, ice- 
contact characteristics are less evident in the lower terraces of this group 
than in the higher. 

Some of the terrace forms are narrow; others are locally two to three 
miles in breadth. Most of them have irregular upper surfaces with gentle 
inclinations down the valley. Their component materials include a 
considerable proportion of reworked fragments of the local bedrock. This 
is most readily apparent in the region of Triassic red sandstones and 
shales. Here the higher ice-contact terrace sediments include so large a 
proportion of this material that they have a characteristic red color. At 
and south of the points of entrance into the Connecticut Valley of large 
tributaries, such as the Deerfield and the Chicopee rivers, however, the 
sediments are chiefly buff or drab and contain but a small proportion of 
recognizable Triassic rock fragments in comparison with the great quan- 
tity of crystalline rock particles that are present. This difference seems 
to indicate that when these deposits were made, the ice in the valley had 
wasted sufficiently to permit the influx of much stream-borne waste from 
the bordering uplands, as well, perhaps, as from the crystalline rocks far 
to the north.® 


The correlation between terrace sediments and local bedrock is further shown by the 
fact that below Middletown, Connecticut, where the Connecticut leaves the Triassic 
rocks and traverses more than 20 miles of crystallines, the bordering terraces of the 
type described above change from reddish to buff in the downstream direction, with 
barely perceptible gradation. 


LXIII—Butt. Greor. Soc. AM., Vou. 44, 1933 


— 


968 R. F., FLINT—LATE-PLEISTOCENE SEQUENCE 


OpPEN-LAKE DEPOsITS 
BODIES OF LACUSTRINE CLAY 


Distribution.—A second type of deposit includes clay, laminated silt, 
and, locally, sand, which, being mostly very fine-grained and horizontally 
laminated, are believed to be lacustrine. These deposits are present in the 
Connecticut Valley from northern New Hampshire and Vermont south- 
ward to Middletown, Connecticut, where the river leaves the Triassic 
lowland. They are present also in the Quinnipiac Valley near New Haven, 
at the south end of the lowland, but not in the Connecticut Valley proper. 
In Massachusetts and Connecticut these sediments appear in several 
fairly distinct areas. They are alike in all the areas in so far as all 
consist chiefly of varved clay; in certain other respects, however, they 
differ enough from one area to another to lead to the belief that they 
are not all parts of a single formerly continuous deposit. For the purpose 
of this discussion these sediments may be termed New Haven clay, Middle- 
town and Berlin clay, Clayton clay, and Hartford clay. These terms are 
used here merely for convenience; some, but not all of them, have been 
used in earlier publications. The clays themselves have been discussed, 
at least in part, by Dana (1875, pages 176-177, 354; 1882, page 195), by 
Woodworth (1896, page 978), by Loughlin (1905, pages 11-28), and by 
Antevs (1922; 1928). 

New Haven clay.—The New Haven clay occurs in the lower Quinnipiac 
Valley. It has not been found south of New Haven, nor has it been identi- 
fied with certainty north of North Haven.* Its uniformly red-brown color 
suggests, in analogy with the colors of the sand and gravel deposits de- 
scribed above, that the clay was derived, at least in considerable part, from 
the reworking of the local red Triassic rocks. 

The upper surface of the clay is channeled, and is unconformably 
overlain by sand of probably fluvial origin. The varve series measured 
here by Antevs (1928, pages 172, 184) is stated by him to be connected 
with the series measured at Haverstraw, New York, but not to be con- 
nected with other series measured in New England. The date of origin of 
the New Haven clay appears to be still in some doubt. More extensive 
discussion of this deposit will appear in a later publication by the present 
writer. 

Middletown and Berlin clay.—Considerable deposits of clay underlie 
parts of northern Middletown and eastern Berlin townships in the valley 
of the Mattabesset River. Although the clavs exposed at numerous points 


4Clay is reported by Loughlin (1905, p. 14) from Milldale, but as it is now concealed 
beneath a very thick overburden, its relations are conjectural. 
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are not visibly connected with each other, they have characteristics in 
common which appear to justify their grouping as a unit, at least until 
additional facts concerning them are available. 

This clay has a reddish-brown or chocolate color, suggesting local origin. 
It is exposed at elevations ° roughly between 20 and 100 feet. In many 
exposures the upper part of the clay is notably disturbed and is overlain 
by till up to several feet in thickness. In these localities the surface of the 
deposit is irregularly undulatory, exhibiting a gentle swell-and-swale 
character. At Berlin the clay is covered not only by till, but also by ex- 
tensive gravel-and-sand knolls of constructional ice-contact origin. No 
evidence has yet been found to indicate that these knolls are not con- 
tinuous and integral with nearby units of the ice-contact terraces described 
near the beginning of this paper. 

The character of these deposits overlying the Middletown and Berlin 
clay seems to indicate that the clay was in existence before the last advance 
of ice over the district. Exposures of sand and silt, apparently overridden 
and veneered with till, occurring at several points in the vicinity of Hart- 
ford, Newington, and East Granby, may represent deposits contempora- 
neous with the Middletown and Berlin clay. If the gravel and sand over- 
lying the clay are integral with the extensive similar deposits of the region, 
as they seem to be, it may be inferred that the last ice advance was general 
rather than sharply localized. Even a general advance, however, does not 
imply pre-Wisconsin age of this clay, because detailed information as to 
oscillations of the Wisconsin ice-front in this region, prior to the final 
wasting away of the ice, is not yet available. 

Clayton clay—Another deposit of clay is exposed at Clayton, on the 
New Britain-Hartford railroad line, two miles northeast of New Britain 
station. This deposit lies north of the Berlin clay area and south of the 
Hartford clay area. Like the Middletown-Berlin clay it is red-brown, 
whereas the Hartford clay is characteristically blue, gray, and drab. Its 
surface is at least 20 feet higher than that of the broad area of Hartford 
clay to the north and 40 feet higher than the undulatory surface of the 
Berlin clay to the south. Loughlin (1905, page 13) states that the clay [as 
exposed in 1903] is overlain by a thick covering of coarse sand. Antevs 
(1928, page 188) reported a covering of seven feet of sand over the clay in 
an exposure examined in 1921. Wickwire® noted an exposure in 1927 


5 The elevations cited in this paper are taken directly from the local topographic maps 
of the U. S. Geological Survey and are subject to whatever errors may occur in the 
contours shown on those maps. 

6G. T. Wickwire: Unpublished ms. 
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showing the clay overlain by three feet of till. The writer found the only 
exposure in 1932 showing the clay overlain by two feet of “pebbly clay, 
probably till.” These facts combine to suggest that the Clayton clay is 
probably not to be correlated with the Hartford clay and may be, as in | 
the case of the Middletown and Berlin clay, older than the last move- 
ment of ice over the district. Red-brown clay and silt, apparently con- 
tinuous with that at Clayton, and in places apparently veneered with till, 
extend north into the district west of Hartford. 

In the small area between South Wethersfield and Rocky Hill, and at 
West Hartford, similar red-brown clay occurs, forming rude sloping ter- 
races. Some exposures show a thin veneer of stony clay probably repre- 
senting a sheet of till, overlying the main clay body. One such exposure 
is reported by Antevs (1928, page 188) as having been noted in 1922. The 
clay in this restricted area may be provisionally grouped with the Clayton 
clay because the two deposits seem to share the same characteristics. 

Hartford clay and associated sediments.—By far the most extensive of 
the open-lake deposits are the Hartford clay and the sediments genetically 
associated with it. These deposits extend from the vicinity of Wethers- 
field, Newington, and East Hartford, northward discontinuously along 
both sides of the Connecticut River through northern Connecticut and 
Massachusetts. Similar deposits are present in the upper valley in New 
Hampshire and Vermont. The clay is predominantly blue-gray, greenish 
gray, and drab, and where not affected by later fluvial erosion and deposi- 
tion, grades vertically upward through silt into sand. It probably rests 
against the ice-contact fluvial deposits already described. No deposits of 
glacial origin have been observed to overlie the clay, which is therefore re- 
garded as postdating the disappearance of the ice in the immediate areas 
in which it occurs. 

Conclusion.—The New Haven clay, whatever its age, is apparently an 
isolated deposit, not connected with the Connecticut River drainage 
basin, and therefore it has no direct bearing on the Pleistocene history of 
the Connecticut Valley proper. Some evidence has been given in support 
of the hypothesis that the Middletown-Berlin and Clayton clays, although 
lying in the Connecticut River drainage, predate the last incursion of ice 
over the district in which they occur, and therefore apparently predate 
the ice-contact fluvial deposits of the Connecticut Valley. They are 
therefore not further considered in this discussion, which is concerned 
more particularly with the history and relationships of the Hartford clay 
and other deposits connected with the wastage of the latest ice. 


a j 
| 
| 
a i 


YA 


a 
— 

‘4 

= 

= 
a 

= 


yOSONI 
isv 


A1OH 


NOLGWVHLYON 


jauueyo 
MON 


pue pues 
PUB 


9@q044) SKe\> 


| 


— > 
2 
Y SS © SSN ' — 
N IN WSS — KS SS 
= 


US 02 patsafas pun Ou;noys 


a 
IH 


at: 


NVIONI 


A10OH 


ra 

— 

SSS 

— SSS 
x 
Wz 
alz 

= 


OPEN-LAKE DEPOSITS 971 


RELATIONS OF THE HARTFORD CLAY 


Distribution—The Hartford clay and the silt and sand that in places 
lie conformably upon it may be termed, for convenience, the Hartford lake 
deposits. They are exposed discontinuously in bluffs facing the Connecti- 
cut River, and in tributary valleys, gullies, and other cuts, through dis- 
tances varying up to several miles back from the river.’ The sediments 
are evidently concentrated along the axis of the valley (figure 1). The 
lateral extent of the deposit is not everywhere easily determined. In many 
places its outer edge is obscured by overlying fluvial sediments and 
by colian deposits. Since the lake sediments appear to grade laterally 
into fluvial deposits near the mouths of the major tributary streams, deter- 
mination of their lateral extent in such places does not seem possible. 

It is probable that the lake sediments initially extended entirely across 
the shallow trench now occupied by the Connecticut River and that they 
have been partly removed by the post-lake fluvial excavation of the trench. 

Because the lake sediments are not continuously exposed, it can not be 
stated with certainty whether they were initially continuous, or were con- 
fined to two or more separate basins never directly connected. In the 
absence of evidence of more than one basin, however, it seems best for the 
present to make the simple assumption that the lake deposits were accumu- 
lated in a single basin extending from south of Hartford at least as far 
north as Greenfield, Massachuetts. 

Composition and structure.—Where good exposures are available, the 
open-lake deposits appear to consist chiefly of varved clay and silt. The 
bases of sections are commonly concealed, but at a few points the clay is 
known to rest on bedrock, either directly or with a few feet of sand and 
gravel intervening. In some localities the clay extends directly to the 
surface; in others it is replaced by very fine silt; in still others it grades 
vertically upward, with alternations, through silt into sand. Isolated 
pebbles are found imbedded in the clay without apparent regularity of 
distribution. At two points, lenses more than one foot thick, of compact 
nonstratified material resembling till, form part of the clay section. 

The clay is characteristically dull in hue, varying in most exposures 
from bluish gray through greenish gray to drab. If the red color of the 
sediments already described can be taken as evidence of their derivation 
from the red Triassic rocks, the grayish hue of the Hartford clay may 
indicate a.source in the crystalline rocks that flank the Triassic lowland. 
However, at 13 points not closely related to each other in areal distribu- 
tion, some of the clay layers were seen to be pinkish to reddish brown, 
thus approaching the red clays in color. At 11 of these points the fine 
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members of the varve pairs carried the pink hue; at two, the coarse 
members. These local tinges may record contributions of fine sediment 
from local red-rock sources. 

According to statements made by the operators of two clay pits, at 
Windsor and South Windsor respectively, sections of gray clay exposed 
in 1932 grade downward through a zone no longer exposed into reddish 
clay. This relationship might indicate local derivation of the clay sedi- 
ments, gradually changing to a more distant derivation as ice wastage 
permitted increasing contributions from the areas of crystalline rocks 
inclosing the Triassic lowland. On the other hand, if the contact of gray 
clay on red is sharp rather than gradational, the red clay might be re- 
garded as a distinctly older deposit like the Middletown-Berlin and 
the Clayton clays. 

The attitude of the clay layers is commonly not far from horizontal. 
The gradationally overlying silt and sand have broadly undulatory strati- 
fication with rippling and some gently lenticular bedding. Intense con- 
tortion with minute recumbent folds is developed in clay and silt in 
several exposures, which, however, yield no definite evidence that the 
deformation was other than local, as by sliding of sediments during 
deposition, or drag by floating bergs. 

Thickness.—The thickness of the clay and other lake deposits is so 
variable that no accurate average figure can be given. Many incomplete 
sections expose 20 to 30 feet of lake sediments, and at several points in the 
Hartford district (Loughlin, 1905, page 12) their thickness approaches 
100 feet. A boring in East Hartford penetrated 109 feet of clay before 
reaching its base. The top of the clay is eroded at this point, and there is 
reason to believe that at least 50 feet of it have been removed. This would 
give an original thickness of about 160 feet. In a clay pit at Williman- 
sett, near Holyoke, more than 100 feet of these deposits are exposed. A 
well, sunk from the floor of this pit, went down 105 feet before reaching 
bedrock, but whether this entire depth represents lake sediments is not 
known. With few exceptions the greatest thicknesses are exposed along 
the Connecticut River. East and west of the river the deposits wedge out. 

Relation to adjacent deposits—The Hartford clay and the silt and 
sand deposited with it apparently rest against the ice-contact fluvial 
deposits already discussed. No satisfactory contact has been observed ; 
the relationship, therefore, is inferred. The base of the clay is rarely 
seen even along the Connecticut and other major streams; it seems prob- 
able, therefore, that the clay extends through a considerable distance below 
the lowest parts of the present surface. This conclusion is borne out by a 
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number of borings in the vicinity of Hartford, which show that the clay 
extends in the neighborhood of 100 feet below sea-level. 

At many points along: and near the-Connecticut River the top of the 
clay is overlain with distinct unconformity by sand, locally coarse, and 
by pebbles. Exposures showing this unconformity are confined to fluvial 
terraces, which, therefore, must have been formed after the deposition of 
the clay. 

Surface expression.—The constructional surface of the Hartford lake 
deposits is trenched by the Connecticut River and its tributaries to form 
terraces. Beyond the margins of these fluvial terraces, the lake deposits 
have a varied surface expression. In some places, clay overlies surfaces 
of earlier date, forming a veneer so thin as to lack topographic expression 
of its own. Where much thicker, clay forms gently undulating plains 
with frayed margins. In the neighborhood of large tributaries it grades 
up into silt and sand, forming surfaces that slope radially away from these 
streams, and that were apparently built by the streams themselves. Such 
a deposit, associated with the Deerfield River, may be traced from the 
vicinity of South Deerfield southward for many miles toward Northamp- 
ton. Another, associated with the Chicopee, has a periphery extending 
from the vicinity of South Hadley southward at least as far as Hazard- 
ville. The Westfield River appears to have built a similar, though smaller, 
mass in the region southwest of Springfield, and the Farmington is re- 
sponsible for another that spreads throughout the region between Windsor 
Locks and Hartford. 

Where the clay is thick enough to control topography yet free from 
coarser deposits poured in by tributaries, its surface expression appears 
to indicate un‘isturbed deposition in open water. Shallow subcircular 
depressions, nut unlike kettles, occur at a few points. Although their 
scarcity is striking, these depressions may. possibly have been formed by 
bergs floating in the lake. 

Position of the lake-surface plane-—The Hartford lake deposits do not 
lend themselves readily to a determination of the former lake-surface 
plane. There are three principal reasons: 

1. Throughout considerable areas the surfaces of the lake deposits are 
eroded to form post-lake fluvial terraces. 

2. Throughout broad areas near mouths of tributary streams, the clay, 
as stated in a foregoing paragraph, grades vertically up without definite 
break, through silt into current-bedded sand. The sand probably repre- 
sents deposition by the tributaries while the lake was in existence, and is 
probably in part lacustrine and in part fluvial. It has not been found 
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possible to make a satisfactory distinction between the two parts, and for 
this reason neither the exact lateral extent of the former lake nor the ver- 
tical position of its surface has thus far been determined. On the map 
(figure 1), the overlying sand, even where evidently fluvial, is included 
with the lake deposits. 

3. Not even in those places where the clay, unencumbered with over- 
lying coarser deposits, extends vertically upward to a definite initial sur- 
face, does it seem possible to determine the plane that represents the 
surface of the vanished lake, because the clay furnishes no measure of 
the depth of water in which it was deposited. 

Although, as has been stated, the upper limit of the sediments at any 
point fails to record the position of the lake surface there, the upper 
surfaces of the deposits believed to be lacustrine, when viewed over a 
large area, integrate roughly into a plane that rises from about 70 feet in 
the district south of Hartford to more than 200 feet in the vicinity of 
Amherst, about 40 miles north. The northward rise of this very indefinite 
plane may, after further study, give a rough measure of the order of 
magnitude of post-lake crustal deformation in this region. At present, 
however, any definite figure would be so inexact as to be of doubtful value. 

Absence of shore features——There are two situations in which shore 
features fashioned along the margins of the former lake could scarcely 
be expected : 

1. Where the post-lake Connecticut River, shifting laterally, has 
reached beyond and destroyed the margin of the lake sediments, leaving 
fluvial terraces that abut against pre-lake deposits and bedrock. 

2. Where the chief tributary streams built extensive deposits into the 
lake. 

In the third common situation, in which the initial upper surface of the 
clay rests against pre-lake stratified deposits, such features as low cliffs, 
beaches, and bars might perhaps be expected, but so far, except for an 
inconspicuous, gently sloping bench in a few localities, none has been 
found. This is striking in view of the large surface area the lake must 
have had. On the other hand, there is the consideration that the pre-lake 
stratified deposits are very weak, and that, when washed by the lake, they 
would readily crumble and slide instead of preserving nips or cliffs. 
Furthermore, the border of the lake filling is extensively veneered with. 
colian sand and silt, and probably is obscured also by colluvial wash. 
Still further it might be argued that if crustal warping or steady down- 
cutting of the outlet were in progress during the life of the lake, the 
zone of wave attack would be shifted, thus operating to reduce the strength 
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of shore features developed on any one plane. But even after allowance 
is made for these factors, it still seems reasonable to conclude that the lake 
must have been free from very effective waves and currents. 

Derivation —The Hartford clay consists of the finest rock flour released 
by ice wastage in the Connecticut Valley drainage area. Its dominantly 
gray to drab color suggests that it was derived chiefly from the crystalline 
rocks rather than from the local red Triassic rocks. Only the upper part 
of the clay is commonly exposed, but this part, at least, indicates by its 
fineness and uniformity that it was not deposited in proximity to large 
quantities of actively wasting ice charged with miscellaneous débris. 

In the zones influenced by the major tributaries, where silt and sand 
gradationally overlie the clay, these deposits apparently were derived, not 
from nearby ice, but from the tributaries themselves, which seem to have 
poured great volumes of relatively coarse deposits into the lake, perhaps 
completely filling it in the areas near their mouths. 

Outlet: the New Britain channel.—Along the Connecticut River, the 
Hartford clay extends very little south of the Hartford city line. It does, 
however, extend southwestward up the valley of the Park River, a tribu- 
tary entering the Connecticut in the center of Hartford, and ends near 
Elmwood, two miles short of the divide between the Park River and the 
Mattabesset, which joins the Connecticut at Middletown. This divide 
occupies a “through valley” or channel along the eastern outskirts of the 
city of New Britain. The channel lacks surface drainage through a dis- 
tance of one mile (at the divide proper), but has a total length of about 
four miles. It is nearly straight and appears to follow the general strike of 
the faulted sandstones in which it is cut. At the divide, the channel is 
incised at least 50 feet into the upland surface, and is about 800 feet wide, 
with a nearly flat floor in which bedrock is, at least locally, exposed. The 
sidewalls are comparatively steep, reveal bedrock at numerous points, and 
have no conspicuous accumulations of loose material at their bases. 
The channel appears to have been scoured clean. These facts combine to 
suggest that the channel formerly carried a considerable volume of water. 

The channel floor lies between the 60-foot and the 80-foot contours. 
Two miles north of it, near Elmwood, the upper surface of the southern- 
most remnant of the Hartford lake deposits lies at approximately the same 
elevation. The vertical and the areal relations between the Hartford clay 
and the New Britain channel make it possible that the channel served as a 
spillway-outlet for the lake in which the Hartford deposits were built up.” 


7 Loughlin (1905, p. 25) recognized this relationship, but believed the spillway emptied 
into a lake in which the Berlin clay was being deposited. Evidence that the Berlin clay 
may be somewhat older is given in the present paper. 
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The chief arguments against regarding the New Britain channel as the 
spillway-outlet for the lake in question are (1) narrowness of the channel 
and (2) the fact that the escaping water, debouching from the channel, 
must have passed over a part of the Middletown-Berlin clay without re- 
moving it. 

The channel, to be sure, is as wide as that of the modern Connecticut 
at the Rocky Hill narrows, seven miles to the east, but the late-glacial 
discharge has been commonly thought of as greater than the present dis- 
charge. Even though the (supposedly) greater late-glacial d’scharge be 
reduced (by an unknown amount) by the increased evaporation attendant 
on the formation of the lake, spreading the water over a much greater 
area than now, a broader outlet channel should perhaps have resulted. 

An attempt to reduce in theory the drainage tributary to the New Brit- 
ain channel, by diverting hypothetical upper members of a chain of lakes 
away from the Connecticut Valley, fails because nowhere north of New 
Britain are there gaps in the bedrock surface even approaching the low 
elevation of the Hartford lake deposits. 

On the other hand, if water from the lake passed through the New 
Britain channel, it must have been nearly free from sediment, as indicated 
by the fact that clay and silt settled out extensively in the basin north of it. 
Also, the drainage from the channel south through the Mattabesset Valley 
to the Connecticut at Middletown has a low gradient, and at several points 
encounters bedrock which may have formed local base-levels, retarding 
downcutting by escaping water. These considerations may perhaps ex- 
plain failure of a spillway stream to remove clay from the line of run-off 
south of the channel. 

Whatever the relative merits of these arguments for and against the 
correlation of the New Britain channel with the Hartford lake deposits, 
the somewhat unsatisfactory point remains that extensive search has 
failed to reveal any other possible outlet. 

On the hypothesis that this channel served as the outlet for the Hartford 
lake, there seems to be no direct means of determining how much its floor 
may have been lowered through erosion by the escaping water.* The 
fine-grained texture of the lake sediments immediately to the north, how- 
ever, would suggest clear water and a minimum of effective erosion. 

Cause of ponding.—The basin in which the Hartford lake sediments 
were deposited is both extensive and capacious. It is probably at least 60 
miles long and may be much longer. Near Hartford the surface of the 


8 Loughlin (1905, p. 25) reported indications of “shore lines” at about 10 feet above 
the channel floor, but the present writer has not been able to recognize these features 
with certainty. 
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lake deposits lies near the 80-foot contour. Many deep borings between 
Hartford and Springfield show that the bedrock surface beneath the 
deposits lies 50 to 100 feet below sea-level. The problem of the origin 
of this basin resolves itself into a question as to the nature of some former 
closure of the Connecticut Valley, which now drains freely southward. 
Four hypotheses present themselves : 

1. Relative northward downwarping, with or without southward warp- 
ing to form a “peripheral bulge” (Daly, 1920, page 304) caused by un- 
equal loading of the crust by the last ice sheet, the movement being suf- 
ficient to give a basin of the required depth. 

2. Excavation of an extensive rock basin by glacial scour during the 
advance of the last ice sheet. 

3. Damming by drift. 

4, Damming by remnants of residual ice. 

In addition, hypotheses may be framed which embrace two or more of 
these four possibilities. 

1. This hypothesis has the merit of simplicity. However, it seems to 
require a gorge cut through the rock-lip closure at the south end of the 
basin along the lowest line of preglacial run-off, while the lake was being 
drained by crustral rebound. It requires further that analogous lake 
deposits and outlets exist in neighboring valleys necessarily affected by the 
regional crustal movement. These requirements are not well fulfilled by 
the facts. Not only are lacustrine clays developed little or not at all in 
the other valleys of Connecticut, but the rock walls of the Connecticut 
Valley are veneered with ice-contact fluvial deposits, showing that the 
walls had been eroded to their present form before extensive deposition by 
glacial water began. 

2. The second hypothesis could be applied probably only in localities 
favorable to local glacial excavation, localities of which the Connecticut 
Valley above Middletown, lying in weak rocks and oriented parallel with 
their strike, is manifestly a prime example. Furthermore, this hypothesis 
eliminates the regional element required by (1) and does not imply the 
presence of similar features in neighboring valleys. It does, however, 
require a trenched rock-lip like that in (1). Therefore, whereas the 
Connecticut Valley may have been, and probably was, glacially scoured 
to form a rock basin, this basin does not seem to have been the exclusive 
cause of the lake. 

3. At Rocky Hill, four miles downstream from the southernmost ex- 
posure of the Hartford clay, the Connecticut Valley abruptly contracts 
to such an extent that its bedrock walls are only two miles apart. Rem- 
nants of one of the ice-contact fluvial terraces of red sand and gravel, 
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pitted with great kettles and standing 120 to 160 feet above the river 
(here virtually at sea-level), nearly block this narrows, leaving a space 
only three-quarters of a mile wide to accommodate the river channel and 
two or three low fluvial terraces of later age than the lake deposits (fig- 
ure 2, DD’). The faces of the high remnants are erosional, and the whole 
mass may formerly have blocked the narrows completely. If so, this body 
may have served as a dam for the glacial lake to the north, the lowest point 
on the surface of its remnants being 50 feet higher than the surface of the 
lacustrine clay, and the mass as a whole being very bulky, extending for 
many miles down the Connecticut. Given a lateral channel across bed- 
rock, like the one at New Britain, to lead off the water, a mass like that 
whose remnants appear at Rocky Hill seems an adequate retaining wall 
for the lake recorded by the Hartford clay. 

4. If the sand and gravel that constitute the deeply kettled high terrace 
at Rocky Hill be thought of as having initially failed to fill the narrows 
from side to side because of the presence of residual ice in what is now 
the river channel (figure 2), with the ice extending northward indefi- 
nitely, an equally efficient dam is set up. The chief objection to an ice 
dam is its perishable composition; whether it could have remained in 
existence for the required length of time is open to serious question. That 
residual ice was present in and beneath the gravel and sand that now fill 
the narrows is indubitable, but that it did not waste away before the lake 
was drained does not seem capable of proof. 

Of the four hypotheses as to the cause of ponding, only (3) and (4) 
appear adequate. A combination of these two seems best to fit the facts, 
the drift being conceived of as being bulky enough and still high enough 
after the disappearance of the ice upon which it was built, to retain lake 
water for a considerable time. 

On the hypothesis that the lake was formed and controlled by a dam 
of drift and ice at Rocky Hill operating jointly with the New Britain 
channel, the lake would have owed its inception to the vertical relations of 
these two features, somewhat in the following way. The ice-contact ter- 
races in the Connecticut Valley record an earlier phase of ice wastage 
characterized by dominantly fluvial deposition. Meltwater flowed along 
the margins of the residual ice, forming constructional terraces controlled 
vertically by rock thresholds. As the ice wasted, new and lower thresholds 
were uncovered, and the marginal streams accordingly built new and 
lower terraces. While the gravel and sand were being built up in the 
Rocky Hill narrows, the New Britain trough must have been freed from 
ice, thereby suddenly affording a much lower outlet for the meltwater. 
Diverted past New Britain, the.water abandoned the Rocky Hill narrows, 
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FIGURE 2.—Cross Sections along four Planes traced in Figure 1 
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Geological Survey topographic maps, 
modified by field observations. Vertical 
exaggeration approximately 25x. Key: 
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leaving sand, gravel, and residual ice choking the narrows and extending 
northward through an unknown distance. 

_ That a great volume of residual ice may still have occupied the Con- 
necticut Valley north of the Rocky Hill narrows when the New Britain 
channel would have begun to function is suggested by the ice-contact 
character of the pre-lake deposits, and by the lack of any definite evidence 
of erosion of these deposits prior to accumulation of the clay. It there- 
fore seems probable that ice-marginal fluvial deposition ceased suddenly, 
with ponded water replacing ice as the latter wasted away. By a con- 
tinuation of this process, the small marginal lake would have grown into 
an extensive open lake, ice-free excepting at its northern end, somewhat as 
did the glacial Great Lakes. 

If the lake grew in this way, the fact that the clay grades laterally into 
coarser deposits in the vicinity of large tributary streams rather than 
longitudinally northward up the main valley, becomes especially note- 
worthy. If large streams of meltwater were discharged directly into the 
lake by wasting ice at its northern end, the coarse sediment may have been 
only in the deep central part of the lake basin, where it is now buried far 
below the surface, in spite of the fact that a few exposures and a few well 
records show the clay resting directly on the bedrock, or at most with a 
few feet of gravel and sand intervening. On the whole, it is perhaps some- 
what more consistent with these observations to conceive of the ice as 
wasting generally throughout its contact with the lake water, without 
giving rise to strong and sharply localized streams. 

No field data which might bear on the distance between the wasting ice 
and the accumulating layers of varved clay have been obtained. 

Duration of the lake.—In certain clay pits at and north of Hartford, 
several hundred conformable varves are exposed in single vertical sections. 
There can be no question, therefore, that the minimum duration of the 
lake was several hundred years. By correlating varves between sections 
measured at numerous points from Hartford north to St. Johnsbury, 
Vermont, Antevs (1922, page 47) concluded that a total of 4400 years 
(with one gap) are recorded. Although it is not known that the clay 
north of Greenfield, Massachusetts, was laid down in the same lake whose 
deposits occur between Greenfield and Hartford, it is at least possible 
that the lake under discussion endured through the several thousand 
years indicated by this figure. 

The manner in which the lake was ultimately destroyed is conjectural. 
On the hypothesis that the lake water was retained by a drift dam at 
Rocky Hill, draining was probably effected by breaching of the dam. If 
the New Britain channel is accepted as having controlled the level of the 
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lake, the dam must have been lowered considerably before the lake over- 
flow could pass across it. Streams initiated on the dam by local run-off 
probably would be adequate to this task. A single cut in the dam, deep- 
ened to the level of the lake surface, would have permitted lake water to 
escape by this easier path, and would have resulted in immediate abandon- 
ment of the New Britain channel and the draining of.the lake. 


BEARING OF THIS STUDY ON EARLIER INVESTIGATIONS 


The glacial deposits of the Connecticut Valley formed the subject of 
publications by such early investigators as Edward Hitchcock (1823, pages 
16-19), and James D. Dana (1875-1876, 1876, 1882). Later, Emerson 
(1898a, pages 609-747) published a full, circumstantial, and stimulating 
account of the deposits in the Massachusetts segment of the valley. He 
thought of the Massachusetts segment as having been filled up to an eleva- 
tion of 200 to 300 feet by a swollen proglacial stream which, like modern 
streams in flood, backed up into tributary basins but maintained a “thread 
of current” down its center. This “lake,” as he termed the water body, 
he conceived to have risen and subsided by gradual stages, and to have 
extended indefinitely southward into Connecticut. He referred to lacus- 
trine deposition not only the varved clay, but also the bulk of the deposits 
considered in the present article as of pre-lake fluvial origin. These sedi- 
ments he regarded as having been laid down in the presence of ice, which 
was then gradually broken, buoyed up, and floated away piece by piece. 

He recognized the terraced form of the deposits he considered lacustrine 
by mapping them as “lake shore beds,” “upper bars and river [sic] flats,” 
“lower bars and river flats,” and “lake bottom.” Apparently he implied 
that they were formed successively by the subsiding flood, but his opinion 
in this matter does not seem to be clearly expressed. 

The chief objections to Emerson’s conception seem to the writer to 
be these : 

1. The bulk of the deposits mapped by him as lacustrine, appear to be 
fluvially crossbedded.° 

2. There seem to be no recognizable differences of form, composition, or 

stratification, between his “lake deposits” and his “moraine terrace” de- 
posits. 

3. The shoreline of the “lake” is not a continuous feature, nor is it 
vertically consistent. It is neither horizontal nor inclined generally in 
any one direction. Emerson (1898a, page 657) himself recognized this 


® Similar deposits in Connecticut were at first interpreted by the writer as lacustrine, 
as noted in the introduction to the present paper. 
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variability as between certain localities in the same latitude, and suggested 
differential crustal warping as the cause. 

4. Each of the specific depositional shore features, chiefly “bars,” 
enumerated by Emerson, when examined in the field, seems referable to 
(a) glaciofluvial terraces, (b) crevasse fillings, or (c) dunes. 

5. The depositional shore features enumerated, such as shelves and 
horizontal notches in till and bedrock, do not appear in the field to be 
recognizable as such. 

Emerson makes the statement (1898a, page 611) that layers of varved 
clay are locally traceable into the foreset beds of deltas ; thus far, however, 
search has failed to reveal an exposure showing this relationship. Dis- 
covery of good contact between the varved clay and the deltas described 
by Emerson would show definitely whether or not the deltas are con- 
temporaneous with the varved-clay lake. Until the matter can be settled 
by reference to such a contact, the possibility must be kept in mind that 
the deltas are ice-marginal features built before the lake came into 
existence. 

In an excellent discussion of the clays of Connecticut, Loughlin (1905, 
page 24) apparently was the first to recognise the ice-contact deposits at 
the Rocky Hill narrows and the New Britain channel as having possibly 
controlled the lake to the north. 

In his well-known intensive study of the varved clays in New England, 
Antevs (1922, page 9) stated the belief that the lake basin in the Connecti- 
cut Valley in which the varved clay was deposited was caused by crustal 
downwarping under the load of the last ice sheet, and that it was drained 
by upwarping, following wastage of the ice. 

Although incorrect interpretation of the terraces in which clay occurs 
led the writer (Flint, 1930, pages 228-234) to conclude that Antevs’ varve 
correlations must be subject to local errors, the facts brought out in the 
present paper (see also Flint, 1932) are, on the contrary, in harmony with 
the varve correlations. 


Post-LAKE FEATURES 
FLUVIAL TERRACES 


Along the Connecticut River the pre-lake and lake deposits are cut into 
fluvial terraces (figures 1, 2), evidently the work of the river since the 
lake disappeared. In some places, remnants of several terraces are pres- 
ent; in others, only a single bench is distinguishable. As might be ex- 
pected, the terraces appear to be best developed as to number and breadth 
in the reaches immediately upstream from three bedrock barriers: the 
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transverse Holyoke Range, the narrows between Thompsonville and Wind- 
sor Locks, and the Rocky Hill narrows. The benches are discontinuous 
remnants, and where uninterrupted by outcrops of bedrock, they usually 
have arcuate inner margins. Many are plainly rock-defended. Similar 
terraces, more nearly ideal in form, are developed along the Westfield 
River, and have been admirably discussed by Davis (1902). 

Not uncommonly, profiles of terrace surfaces reveal gentle slopes lead- 
ing inward from the faces to the inner margins of the terraces, and form- 
ing relatively broad shallow depressions, generally curved, along the inner 
margins. A review of such channels as general features, suggests four 
possible modes of origin: 

1. Meander-channels lying between steep meander-scarps on one side 
and gentle slip-off slopes on the other. 

2. Channels on the flanks of islands, formed by a braiding stream. 

3. Basins formed between the outer slopes of natural levees and the 
valley sides. 

4, Sags formed between a valley side and the peripheries of fans built by 
tributaries from the opposite valley side. 

Most of the marginal depressions in the Connecticut River terraces 
appear to be meander-channels, formed as in (1). 

In addition, the surfaces of many of the terraces are marked by dunes, 
and the lower, broader benches locally show flood-plain swales. 

The surfaces of all the terraces are veneered with fluvial deposits, rang- 
ing from gravel and coarse sand in the higher benches to fine sand and 
sandy silt in the lower. At several points, fluvial veneers 6 to 12 feet thick 
have been observed, resting on eroded surfaces of varved clay. In other 
places the fluvial deposits are much thicker, with the lower contact not 
exposed. There is no evidence that any of the fluvial terraces is construc- 
tional as a form; on the contrary, all seem to be erosion-terraces with nor- 
mal veneers of stream-laid sediments. This has a bearing on the post- 
Pleistocene history of the region in that it seems to indicate that the 
Connecticut River throughout post-lake time has undergone no marked 
change of régime, but has been excavating its valley uninterruptedly. 

The form and arrangement of the terraces point to the same conclusion. 
The terrace remnants lie at many different elevations, and as far as inexact 
vertical measurements go,'° they do not seem to integrate into a few dis- 
tinct profiles recording times during which the stream was essentially at 
grade, separated by intervals of downcutting. On the contrary, they 
appear to record slow, fairly steady erosion. 


i0 No systematic study of these terraces has been made on a basis of precise leveling. 
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On this point, Davis (1902, page 585) said long ago in connection with 
the Springfield reach of the river: 

“There is nothing in this stretch of river to suggest a significant diminution 
of volume since terracing began. The frequent occurrence of high single scarps 


would, on the other hand, suggest that the river is to-day demanding a breadth 
of swinging as great as or greater than it ever did before.” 


These observations are in accord with the view that glacier ice had 
disappeared from the region by the time the lake was drained. 


POST-LAKE COURSE OF THE CONNECTICUT RIVER 


Between Holyoke, Massachusetts, and Rocky Hill, Connecticut, the 
shallow trench that constitutes the immediate valley of the Connecticut 
River is comparatively broad and comparatively free from outcrops of 
bedrock. Throughout much of this distance the bedrock is known to lie 
well below the surface, and where encountered at a few points by deep 
borings, lies below sea-level."* In the six-mile stretch from Thompson- 
ville to Windsor Locks, however, the trench has a very different character. 
It becomes almost as narrow as the river channel itself; its downstream 
slope increases; and it is almost continuously rock-walled, although the 
rock (sandstone) is not apparently more resistant than in the broader 
reaches both north and south. Eroded remnants of the Hartford clay are 
present in local entrants along this narrow stretch. 

In contrast with this narrows, there lies east of it, parallel with it and 
separated from it by a sandstone ridge, a plain two miles wide, devoid of 
outcrops of bedrock. This plain seems to represent an initial surface 
formed by the Hartford clay, gradationally overlain by silt and sand, and 
locally veneered with dunes. The surface has a gentle southward slope. 
The sand that overlies the clay appears to be a southward extension of the 
deposit built into the lake by the Chicopee River. No evidence has been 
found which would indicate that the Connecticut has traversed this plain 
in post-lake time. Of the recorded borings in this plain, five penetrated 
bedrock, and all five encountered it at points between 20 and 76 feet below 
sea-level. These depths are of the order of magnitude of those encountered 
in the Connecticut River trench, both above and below the narrows de- 
scribed above. 

The hypothesis seems admissible, therefore, that the plain conceals a 
deep trough which may represent a buried segment of the pre-late-glacial 
course of the river, and that the narrow bedrock valley adjacent to the 


1 This depth is probably, at least in part, the result of glacial scour along the strike of 
the sandstones that underlie most of the Triassic lowland. 
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west was newly occupied and in part excavated by the river after the 
draining of the lake (figures 2, BB’; 3). 

This hypothesis demands an adequate cause for the implied late-glacial 
shift in the river’s course. A cause may perhaps be found in a diversion of 


Ficure 3.—Generalized Contours drawn on Bedrock Surface where known and inferred. 


(Subject to modification as additional records of borings become available.) 


the post-lake consequent Connecticut River through a pre-existing high- 
level bedrock trough, due to the slope of an overlying mantle of Hart- 
ford clay and fluvial sand. In this connection, the course of the Connecti- 
cut above and below the mouth of the Chicopee is suggestive. The Con- 
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necticut here follows the extreme western (outer) border of the deposit 
built by the Chicopee, along the line of contact between this deposit and 
an older, much higher surface on the west. It might be argued from this 
fact that upon the draining of the lake, the course of the post-lake run-off 
was consequent on the sag marking the western periphery of the Chicopee 
River deposit, and that in the stretch between Thompsonville and Windsor 
Locks, a strike-valley in bedrock, only partially filled with Hartford clay, 
offered a lower avenue of escape than the filled-up trough two miles 
farther east. The strike-valley here followed by the river does not seem 
to differ from several others that lie between it and the great trap ridge 
seven miles west. Probably all were excavated by preglacial tributaries to 
the Connecticut. 

The north-south course of Scantic River (figure 1) between Hazard- 
ville and East Windsor, a distance of six miles, may have been determined 
by the contact of the Hartford clay against ice-contact fluvial deposits, 
near the eastern border of the feature interpreted as a buried trough. 

Emerson (1898a, page 664; plate 11) recognized that the Connecticut 
between Holyoke and Springfield seemed to have been crowded westward 
by deposits from the Chicopee River and believed that in an alignment of 
kettles with small tributary-stream valleys he could recognize a buried 
channel of earlier date, trending from South Hadley southeast to Indian 
Orchard on the Chicopee and thence southwest to Springfield. This belief 
does not appear to be well founded, partly because small valleys and 
kettles seem scarcely sufficient indication of a buried trench of great size 
and partly because the line selected by Emerson, where trenched by the 
Chicopee at Indian Orchard, is characterized by till. 

Davis (1902, page 584) suggested that deposits made by the Westfield 
River at its mouth opposite Springfield have crowded the Connecticut 
eastward against ledges of bedrock, from which it has swung west again 
to cut the re-entrant scallops now present in the western side of its trench, 
helow the mouth of the Westfield. 


EOLIAN DEPOSITS 


The Connecticut Valley area is covered generally with a veneer of 
eolian deposits, ranging in texture from fine buff silt or loess without 
apparent stratification, to coarse buff sand, and ranging in character from 
a thin continuous blanket to typical dunes more than 20 feet thick. Al- 
though conspicuous sand dunes are commonly present both east and west 
of the river, the thin spreads of finer eolian material seem to be 
developed in greater volume on the east side of the valley than on the 
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west. These eolian sediments are found on the post-lake terraces and on 
each of the earlier generations of deposits, and there appears to be no sure 
means of determining their date of origin. It seems probable that they 
began to develop extensively during the later stages of ice-contact fluvial 
deposition, and continued to accumulate throughout lake and_post-lake 
time. 

SUMMARY 


The aim of the foregoing discussion is to call attention to three types 
of stratified glacial deposits in the Connecticut Valley: (1) gravels and 
sands built as terraces of accumulation at the margins of wasting residual 
ice; (2) varved lacustrine clays; (3) ice-free fluvial sediments associated 
with stream terraces. More than one distinct body of clay is shown to be 
present, and some evidence is cited in favor of the belief that at least one 
of these clay bodies may be older than the gravels and sands of (1). The 
principal clay body, however, here termed the Hartford clay, is evidently 
later than (1). The hypothesis is advanced that the lake in which it was 
accumulated was formed by a drift (and ice) dam at a narrows south of 
Hartford, the overflow spilling laterally through a bedrock channel at 
New Britain. 

It is further suggested that the lake was drained by erosional breaching 
ofthe dam, and that through one six-mile stretch, the post-lake Connecti- 
cut River suffered local diversion from its pre-lake course, because of its 
consequent relationship to surficial sediments. It is shown that such evi- 
dence as is available without resort to precise leveling, favors the belief 
that post-lake erosion by the Connecticut has been a steady, uninterrupted 
process. 

The hypotheses suggested in this paper in explanation of the observed 
facts may not be correct, but they may serve to direct attention to critical 
relationships as investigation of the Connecticut Valley makes further 


progress, 
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INTRODUCTION AND ACKNOWLEDGMENTS 


Probably no other exposures of slates are more favorable for a study of 
contact metamorphism than those of northeastern Minnesota. ‘Two large 
batholiths of somewhat differentiated granite, some smaller granite and 
syenite stocks, and one of the largest known masses of gabbro intrude the 
slates at many places and modify them notably over wide belts. The 
effects of each are characteristic. Furthermore, the slates, though vari- 
able, are remarkably uniform in their main development—special phases 
are local and not likely to confuse the study of the metamorphic products. 
Finally, it has been possible to gather some 30 analyses and to examine 
more than 200 thin sections of the slate formations and the rocks formed 
by contact action. Few American districts have been thus tested. 

Opportunity to study these series has come to the writer in the course of 
several summers’ work for the Minnesota Geological Survey, and labora- 
tory work on the specimens collected. H. 8. Hicks and M. H. Froberg 
have assisted in the review of other districts. Many of the analyses were 
made by research assistants under a grant from the University of Minne- 
sota research funds. Grateful acknowledgments are here made to the 
committee and to Dr. W. H. Emmons, Director of the Survey. Several 
localities mentioned in this paper are not easily shown on a map of the 
scale of Figure 1 but may be readily found on the state map recently 
issued by the Survey. 


Previous Work ON THE ALTERATION OF SLATE IN MINNESOTA 


Reports of the Minnesota Geological and Natural History Survey con- 
tain many references to the slates in the northeast quarter of the State 
and a few descriptions of their alteration. The slates and quartzites of 
Pigeon Point, and their relation to gabbro and to granite (red rock) were 


8N. H. Winchell: Minnesota Geol. and Nat. Hist. Survey, 15th Ann. Rept., 1886, pp. 
176-178 ; Final Rept., vol. 4, 1899, pp. 254, 542-543; and vol. 5, 1900, containing petro- 
graphic notes. 
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FIGURE 1.—Map of Portions of three Counties in northeastern Minnesota and adjacent Parts of Ontario 


Areas of slates are stippled. Some of the products of their alteration are shown by a series of intrusives. 
labelled. The smaller numbered intrusives are: 1, Snowbank stock ; 2, Kekequabic stock ; 3, Linden stock. The areas marked “EB” 


Keewatin greenstone and iron-bearing rocks. 


The three largest Masses are 
are of 


The heavy dots indicate the slate-hornfels near the gabbro, and the dashes indicate mica 


schist near the younger granites, Modified from several earlier maps. 
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described by Bayley.* The monographic report on the Vermilion district 
gave a more detailed account of the slates and their alteration by granite 
and by gabbro intrusives.® It was clearly recognized that a full study of 
the alteration required further chemical analyses,®° and these are now 
available. Related studies, especially of the gabbro contact, have been 
made by Bayley,’ by Grant,® by Zapffe,® and by Nebel.’° 


THE SLATES 
NORMAL SLATES OF THE KNIFE LAKE SERIES 


Knife Lake slate has been considered an Archean or Lower Huronian 
series of sediments, interfingered with or overlying the Ogishke con- 
glomerate. It lies above the Keewatin greenstone and unconformably 
below the Animikie series. Recent work indicates that the series may be 
a complex with some unconformities and igneous activity,’ but in the 
areas mapped,'* slates and graywackes of fairly constant nature largely 
predominate over conglomerate and volcanic rocks. The slates are widely 
exposed at the type locality, Knife Lake, and extend west far along the 
Vermilion district as synclines in the area of Keewatin greenstone. West 
of St. Louis County the slate is mostly drift-covered, but an occasional 
outcrop indicates that the formation extends nearly to Lake of the Woods. 
East of Rainy Lake a belt, seemingly of the same formation, is classed as 
the Seine,’* and extends far into Ontario. 

The Knife Lake series shows poorly assorted sediments, with no clear 
quartzites or limestones. The basal conglomerate (Ogishke) is erratic in 
occurrence and thickness but may locally be hundreds of feet thick. Other 
pebbly beds occur at several horizons higher in the series. No glacial 


4W. S. Bayley: The eruptive rocks of Pigeon Point, Minn. U. S. Geol. Survey Bull. 
109, 1893. 

5J. M. Clements: Vermilion iron-bearing district of Minnesota. U. S. Geol. Survey 
Mon. 45, 1903, pp. 275-352. 

6 Idem., p. 344. 

7W. S. Bayley : Basic massive rocks of the Lake Superior region. Jour. Geol., vol. 1, 
1893, pp. 433, 586 and 688; vol. 2, 1894, p. 814; and vol. 3, 1895, pp. 1-20. 

8U. S. Grant: Contact metamorphism of a basic igneous rock. Bull. Geol. Soc. Am., 
vol. 11, 1900, p. 503. 

*Carl Zapffe: Effects of a basic igneous intrusion on iron-formation. Econ. Geol., 
vol. 7, 1912, p. 145. 

10M. L. Nebel: The basal phases of the Duluth gabbro. Econ. Geol., vol. 14, 1919, 
p. 394. 

uJ. W. Gruner: Recent work in Huronian and Keweenawan areas. Lake Superior 
Mining Inst., 27th Ann. Meeting, 1929, pp. 179-187. 

122 State map, 1932. Minnesota Geol. Survey. Note that it shows some mica schist 
north of Vermilion granite, as in old State maps, even where altered greenstone has been 
reported. 

Frank F. Grout: The Coutchiching problem, Bull. Geol. Soc. Am., vol. 36, 1925, 
p. 358. 
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materials have been recognized in the Minnesota exposures. These fea- 
tures, together with the variegated and varved lamination, appear to 
indicate deposition partly on land surfaces and perhaps partly in a 
delta.'* 

The whole series was greatly folded, probably at the time of Algoman 
batholithic intrusion, and developed secondary cleavage independent of 
the bedding (figure 2). Folds and other structures are being studied by 
Dr. J. W. Gruner and several advanced students. 


FicureE 2.—Slate exposed on an Island in Vermilion Lake, Minnesota 
Showing cleavage across the bedding. 


Most of the slates are gray to black; they splinter into fragments with 
sharp edges, and when struck, give a decided ring. On fresh fractures the 
bedding is not conspicuous, but on weathered surfaces some beds are 
much lighter than others (figure 3). Nearly every outcrop shows an alter- 
nation of beds of various shades of gray from nearly black to almost white, 
and, less abundantly, green and purple. The beds are variable, but many 
are only a fraction of an inch thick, giving a banded appearance even in 


4 C, R. Van Hise and C. K. Leith: Geology of the Lake Superior region. U. S. Geol. 
Survey Mon. 52, 1911, p. 603. 
A. P. Coleman : The Lower-Huronian ice-age. Jour. Geol., vol. 16, 1908, p. 154. 
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the hand specimens. Special phases that are pebbly, ferruginous, tuf- 
faceous, or cherty are so unimportant in bulk compared with the gray 
banded slates that little further need be said of them. 


Figure 3.—Banded Slates exposed on Burntside Lake, Minnesota 


Close study revealed the fact that the banding in most of the slate in- 
dicated a variation in size of grain, the graywackes or coarse material 
weathering lighter than the fine clays. Analyses of separate beds, however, 
failed to show as much difference in quartz content as might be expected 
in sands and shales. The mineral content of the two phases seems to be 
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about the same, though the darker fine clay may have a little more graphite 
than the coarse material. (See plate 38, figures 1, 2, and 3.) The sandy 
grains are, asa rule, less than .5 mm. in diameter, and the slate and matrix 
of the sand have grains about .01 mm. in diameter and smaller. 

Minerals of the Knife Lake slate are, thus, so fine that only a few are 
identifiable microscopically, but the rest can be estimated with fair ac- 
curacy from the known minerals of the graywackes, which have similar 
chemical compositions. The primary minerals in the average slate are 
feldspar and quartz—about 30 per cent of each—in a matrix probably of 
the same minerals, with about 10 per cent each of sericite and chlorite. 
Smaller amounts of zoisite, calcite, graphite, epidote, and actinolite are 
noted in a few specimens. Pyrite, iron oxides, silica, and carbonate are 
not rare as later alteration products, cement, and introduced veinlets. 
Occasional accessories include magnetite, rutile, anatase, tourmaline (both 
in sand grains and introduced), apatite, leucoxene, and zircon. The least 
altered slates may still contain some kaolinite. Biotite, hornblende, and 
pyroxene are rare, if present at all, outside the contact zones. Rock frag- 
ments in the graywacke include chert, andesite, and others. Zirkelite was 
noted by Winchell.’® 

The compositions of slate and graywacke from Knife Lake, the type 
locality, are shown by analyses 1 and 2, Table 1. Slates and gray- 
wackes of similar appearance, selected from south of Tower and from 
the outlet of Jordan Lake, indicate a fair degree of uniformity in the 
composition of the formation. The extremes of composition in beds of 
contrasting character (though altered) are shown in analyses 4, 5 and 6, 
Table 2. These extremes are local, not at all abundant, and the average 
of the three beds in a hand specimen is much like the average slate. 


ANIMIKIE SLATES 


South of the Mesabi Range a great area of slate conformably overlies 
the gently south-dipping Animikie iron-bearing rocks of the range. Most 
of the slate is concealed under drift, and its relations to the slates at 
Duluth, Carlton, and on the Cuyana Range are still uncertain. It is named 
from occurrences near Virginia about the center of the Mesabi Range, 
and has been described by Leith.’® Virginia slate is exposed in a number 
of places at the east end of the range, but most of the information about 
the formation is derived from drill cores. A drill hole southeast of 


1 Op. cit., p. 700. 
wC, K. Leith: The Mesabi iron-bearing district in Minnesota. U. S. Geol. Survey 


Mon. 48, 1903. 
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Eveleth (information available through the kindness of Mr. Alworth) 
passed through 1,635 feet of only slightly tilted slates before entering the 
iron-bearing formation below. In this core the formation is shown to be 
very uniform. There are no pebbly or even coarse sandy beds. Two 
thin beds are a little more sandy than the average, and carbonates can be 
detected in small amounts in a few beds. 

Petrographically the main mass of Virginia slate is a gray to black 
argillite, with an alternation of thin beds and no conspicuous secondary 
cleavage. Many grains are coarse enough to be recognizable in thin sec- 
tion. Fragments of quartz and feldspar make up perhaps 60 per cent, and 
recrystallized chlorite and mica perhaps 20 per cent of the average slate. 
Carbonaceous matter obscures the nature of many of the finer layers. Rare 
fragments include chert, tourmaline, zircon, and magnetite. Less abun- 
dant products of recrystallization are carbonates, garnet, epidote, cor- 
dierite, and actinolite. Pyrite is commonly partly oxidized, and kaolinite 
and leucoxene may appear in the altered specimens. 

The composition of the Virginia slate is shown in Table 1, in which 
columns 7 and 8 are of composite samples and so indicate the average 
nature of the formation. It is noteworthy that the Animikie and earlier 
slates are closely similar in average composition. This makes it possible 
to judge the chemical changes during metamorphism, without insisting 
on accurate correlation of all the slate outcrops. 

East of the Mesabi Range, near Gunflint Lake, and in Canada the 
slates overlying the Animikie iron-bearing rocks are slightly different from 
the Virginia slate. The correlation of the two, however, has long been 
considered safe, and the longer they are studied the more certain it is that 
they are of the same age. The eastern series, known as the Rove slate, 
includes a black argillite just above the iron-bearing rocks, and the higher 
parts of the formation are much more sandy than any beds at similar dis- 
tances above Mesabi iron-bearing rocks. White and pink quartzite beds 
seem to grow more abundant as the normal slate and graywacke beds are 
traced eastward, and as the higher portions of the formation are studied ;17 
but their metamorphism constitutes a distinct problem. The slates con- 
tain much quartz and feldspar in minute angular grains in a dark 
cement, mostly biotite and chlorite; less abundantly, graphite and iron 
oxides. Detailed descriptions are given in a forthcoming bulletin of the 


17U. S. Grant separated, in mapping. a lower “black slate’ member and an upper “gray- 
wacke slate” member. Minnesota Geol. and Nat. Hist. Survey, 22nd Ann. Rept., 1893, p. 
74; and Final Rept., vol. 4, 1899, p. 470. 

Dr. D. M. Davidson (thesis at University of Minnesota, 1926), after detailed mapping, 
agrees rather with Clements (U. S. Geol. Survey Mon. 45, 1903, p. 393) that the change 
represents merely slight changes in conditions of deposition. These alternated irregularly. 
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TABLE 1.—Minnesota Slates, Little Altered 


Knife Lake formation Virginia slate Rove slate Carlton slate 
Type localit Jordan Lake | South of Tower 
Drill y; Loon | Slate 
Vir- | Spring Pigeon | Lake 
Gray- Gray- Gray- 1635 ft ginia | Mine Heed Point | gray- tone — 
Slate | Yacke | Slate | wacke | Slate | wacke wacke 
: 2 3 4 5 6 7 8 9 10 11 12 13 14 
REINS 2 x risers ae 54.71 | 61.39 | 64.05 | 64.37 | 63.88 | 61.44 | 58.04 | 62.26 | 54.16 | 64.77 | 59.71 | 82.15 | 58.45 | 57.80 
EC arg 20.52 | 16.97 | 15.14 | 13.09 | 17.70 | 15.53 | 18.66 | 16.89 | 23.24 | 14.45 | 18.32 5.37 | 18.99 | 19.47 
i) ee 1.72 .39 1.07 . 36 3.02 .97 1.51 1.76 1.08 1.84 8.11 1.47 1.42 1.74 
LC ene . 6.40 5.32 4.00 4.32 1.80 4.20 5.98 4.55 7.20 4.54 .85 1.08 6.72 6.97 
1 rae 4.76 3.84 2.10 2.98 3.72 3.74 3.24 2.95 4.33 2.34 3.54 2.22 3.05 3.07 
Ot eee 1.93 3.21 3.65 3.49 2.42 7.06 1.02 .42 1.24 2.33 1.05 1.85 1.25 1.00 
LC trae 2.83 2.78 3.34 3.26 1.78 1.99 2.12 2.29 1.47 1.37 1.93 1.84 2.96 1.59 
US ery 2.68 1.25 3.47 4.33 3.34 2.13 3.28 3.02 4.31 5.03 3.4: 1.09 2.28 3.35 
Oe Sa 3.25 2.44 1.60 1.16 .87 1.08 3.28 3.88 1.65 1.92 3.24 .74 3.82 3.98 
.89 .62 .46 .52 .53 .60 1.25 .60 | trace .35 .12 .20 
99.84 | 99.75 |100.69 | 99.70 |100.61 |100.48 |100.56 | 99.52 | 99.97 |100.58 |100.18 | 98.23 |100.16 | 99.93 
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Minnesota Geological Survey.'* The compositions of the Rove slates and 
graywackes are shown in Table 1, analyses 10, 11, and 12. Several other 
partial analyses are available, but show no greater range in composition. 
1. Knife Lake slate at Knife Lake. Grout and Hartwell, analysts. 
2. Knife Lake graywacke at Knife Lake. F. Grout, analyst. 
3. Knife Lake slate, Jordan Lake. W.S. Yarwood, analyst. 
4. Knife Lake graywacke, Jordan Lake. W.S. Yarwood, analyst. 
5. Knife Lake slate, south of Tower. D. Manuel, analyst. 
6. Knife Lake graywacke, south of Tower. Yarwood and Grout, analysts. 
7. Virginia slate drill core, 88 to 1723 feet, on Mesabi Range,.Sec. 1, T. 57 N., 
R., 17 W., Alworth Hole. George Ward, analyst. 
8. Virginia slate, type locality. George Steiger, analyst. U. S. Geol. Survey 
Mon. 43, 1903, p. 170. 
9. Virginia slate, Spring Mine, East Mesabi. Grout and Hartwell, analysts. 
10. Rove slate near Gunflint Lake. T. M. Chatard, analyst, U. S. Geol. Survey 
Bull. 695, 1920, p. 618. 
11. Rove slate, slightly altered, Pigeon Point. R. B. Riggs, analyst, U. S. Geol. 
Survey Bull. 109, 18938, p. 84. 
12. Rove graywacke, Loon Lake, Cook County. D. M. Davidson, analyst. 
13. Composite sample of many outcrops of slate near Carlton. Results given 
by A. W. Johnston; probably analyzed at Cleveland, Ohio. 
14. Composite like 15, but omitting sandy graywacke beds. 


COMPARISON WITH SLATES IN OTHER DISTRICTS 


The analyses of Table 1 show that the Minnesota slates are probably not 
exceptional, and that no greater variation is to be expected than is normal 
for slates in other districts where studies have been made. Iron oxides and 
combined water are lower than average in the Knife Lake slates. The 
Animikie is low in lime and higher in iron oxides than average slate. 
Eckel reports an average of American roofing slates having 60.64 per cent 
silica, and an average of New England slates with 61.51 per cent silica. 
Mesozoic and Paleozoic shales do not differ widely (4)!°; the extreme 
range reported is from 50.15 to 75.77 per cent silica (6), and other con- 
stituents also show rather limited range. Adams (2) found that the 
bands of a Canadian slate differed in silica content from 55.75 to 67.85 
per cent. Hutchings (1) reports selected European slates have an average 
of about 57 per cent silica. Clays change to slates with little modification 
other than a loss of water and CO, and a reduction of part of the iron 
oxide (5). 

Other slates of the Lake Superior region are so similar as to furnish 
further indication that the average of such analyses as those of Table 1 is 
a safe guide to the nature of the formation (3). 


18 Minn. Geol. Survey Bull. 24, 1933. 
1” Numbers in parentheses refer to the bibliography at the end of this paper. 
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Ficure 1.—Virginia slate near the east- Ficurr 2.—Knife Lake slate and gray- 
ern end of the Mesabi River, X50. wacke beds at Knife Lake. X50. 


Figure 3.—Rove slate with altered meta- Ficture 4.—-Mica_ schist altered from 


crysts, probably cordierite, Gunflint Knife Lake slate by the Vermilion 
Lake, X50. granite at Vermilion Lake. N40. 


PHOTOMICROGRAPHS OF MINNESOTA SLATE, GRAYWACKE, AND MICA SCHIST 
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TERMINOLOGY oF Contact MetTamorPHic Rocks 


In the literature of. contact action on slates a difficulty is encountered 
in terminology. Most of the older literature records the presence of schists 
and gneisses in the contact zones, and occasionally refers to hornfels that 
seems to be a silicified cherty-looking rock with shaly lamination preserved 
only as layers of different color. In later papers the term, hornfels, has 
been extended to include not only cherty-looking rocks but also “sugary- 
grained” contact rocks with no schistosity, but rather with a granoblastic 
fabric much like that of diaschistic dike rocks, aplite or lamprophyr. 
Some hornfelses may have a few coarse poikilitic grains with sugary in- 
clusions, but most of them have fairly uniform grains with smooth bound- 
aries and rounded corners. Such hornfelses are abundant. With min- 
eralogic prefixes the name, hornfels, has proved serviceable and popular 
for them. Still more recently the tendency has been to extend the mean- 
ing of the term, hornfels, to cover a wide range of contact rocks, some 
coarse, others fine ; some massive, others schistose. A “schistose hornfels,” 
however, is really a schist, and if the term, hornfels, is so far extended, it 
loses its value as a term for massive sugary-grained contact rocks. In this 
study it is used in the restricted sense, but in a review of recent literature 
it was impossible to determine the structure of certain rocks described as 
hornfels. 


EFFECTS OF GRANITE MAGMAS ON SLATES OF MINNESOTA 
THE GRANITES 


The chief intrusive granites that affect the Minnesota slates are those 
of the Vermilion and the Giants Range batholiths. These have been 
described recently with more petrographic detail than in early reports.” 
Several analyses are given. Both masses show surprisingly little meta- 
morphism. 

The Vermilion granite lies north of the Vermilion Range. It is char- 
acteristically a biotite granite. In about two-thirds of the area under 
discussion it carries abundant inclusions of altered Knife Lake slate, 
more or less injected by granite (figures 4). A border phase, chiefly along 
the south side, expands locally at Basswood Lake into a large area of 
hornblende rock, much less quartzose than the main granite. 

The Giants Range granite lies south of the Vermilion Range, as a more 
elongated batholith. It has more variety than the Vermilion mass in its 


20 Frank F. Grout: The Vermilion batholith of Minnesota. Jour. Geol., vol. 33, 1925, 
pp. 467-487. 

I. S. Allison: The Giants Range granite of Minnesota. Jour. Geol., vol. 33, 1925, pp. 
488-508. 
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prominent phases, some of which are notably porphyritic, others, horn- 
blendic, and still others, syenitic. 

Smaller masses of granite and syenite add to the evidence obtained in a 
study of the contact effects of these large batholiths. At Rainy Lake, at 
Snowbank Lake, and at Kekequabic Lake there are stocks of granite and 
related igneous rocks, which are probably satellitic from the batholiths and 


Ficure 4.—IJnclusions of Biotite Schist in Vermilion Granite, Minnesota 


produce similar contact rocks in a somewhat narrower belt. Analyses 
show that the rocks are more alkalic than the larger batholiths.*! 

The “red rocks” (upper differentiates of the Duluth gabbro and of some 
sills, probably originating in the same deep-seated source) are granitic in 
composition, though somewhat sodic, and in most exposures granophyric in 
texture, so that quartz is not visible to the naked eye. Analyses have been 
compiled for the several red rocks both at Duluth and at Pigeon Point.?? 


U. S. Grant: An augite soda granite. Minnesota Geol. and Nat. Hist. Survey, 21st 
Ann. Rept., 1893, pp. 4-58. 

C. W. Sanders: The Snowbank stock. Jour. Geol., vol. 37, 1929, pp. 135-149. 

22 Frank F. Grout: A type of igneous differentiation. Jour. Geol., vol. 26, 1918, pp. 
650-54. 
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eS Ira S. Cram: The Rest Island granite. Jour. Geol., vol. 40, 1932, pp. 270-278. 
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CHANGE OF SLATE TO BIOTITE SCHIST 


Distribution —Effects of the contact action of the granites on Knife 
Lake slates can be found on both sides of both batholiths. The two 
granites crowd the synclinorium of the Vermilion Range (figure 1) into a 
narrow belt. The contact belt is of surprisingly variable width. At 
Namekan, at Kabetogama, and at Rainy lakes the recrystallization extends 
across a belt, 10 miles wide, between batholiths; but occasional pegma- 
tites occur in the schist, suggesting that granite may underlie the belt 


Figure 5.—Fold in bedded Mica Schist, Rainy Lake 


at no great depth. South of Tower, along the Duluth and lron Range 
Railway, the gradation from slate to schist can be traced over a distance 
of about five miles by imperceptible steps, the biotite especially being 
coarser near the granite. In contrast with these extra wide schist areas, 
the slates, with no visible recrystallization, occur near Rice Bay of Ver- 
milion Lake within an eighth of a mile of Vermilion granite. It is pos- 
sible that in some places the unaltered slate has been faulted into prox- 
imity to the granite, concealing the original contact zone of schist. The 
more normal width of the contact zone along both sides of the Vermilion 
hatholith is about one mile. 

Texture.—The average grain of the biotite schist is about .8 mm. in 
diameter, but near the granite it may be as great as | mm., and meta- 
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erysts range from 2 to 50 mm. The recrystallization does not obliterate 
the lamination of the graywacke and slate until the effect is intense and 
the grain very coarse. Even in the coarse schists with slight sign of 
lamination, an occasional bed is indicated by a layer with metacrysts. 

Dynamic action has formed microscopic augen in some of the gray- 
wackes, and there are shear zones in the more slaty beds. In a number 
of outcrops of folded beds, the structure (figure 6) includes mica plates 
diagonal to the competent beds but merging into parallelism in the 
more micaceous beds. 

No massive (nonschistose) hornfels has been found near the Minnesota 
granites except at a few small outcrops. At each of these it is evident 
that an early schist, formed by 
granite intrusion, has been later re- 

A ogo crystallized near a gabbro intrusive, 


—= == ——=-— _ with loss of the earlier structure. 


Minerals.—The minerals of the 
o Schists near granite vary somewhat 


2. _—= pearing in the field partly in the 

different percentages of biotite and 
oF partly in the presence, in certain 


Ficure 6.—Diagrammatic Sketch of beds, of metacrysts of garnet, stau- 
alternating Slate and Graywacke 
Layers rolite, sillimanite, and cordierite. 

Showing the differences in the directions These metacrysts are local and are 

irae icin not a prominent feature of any 
large area in northeastern Minnesota; most of them are along the north 
side of the Vermilion granite, near the international boundary. 

The intrusions and satellites of granite are so intricate, and the beds 
that favor the formation of metacrysts are so few, that no zones of differ- 
ent alteration have been traced by these differences in minerals. The 
chief zones recognized between the slate and the granite are based wholly 
on the coarseness of the biotite and the occasional presence of some kind 
of metacryst in the coarser rocks. The schist is crossed by an occasional 
veinlet of high temperature minerals and pegmatite, along which tour- 
maline is abundantly introduced into the schist. 

The average schist contains, in order of abundance: Quartz, biotite 
(brown or green), plagioclase, and orthoclase, with much smaller occa- 
sional amounts of carbonate, pyrite, muscovite, hornblende, zoisite, epidote. 
magnetite, graphite, rutile, tourmaline, garnet, enstatite, and sillimanite. 
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Zircon, titanite, and apatite are common in small scattered inclusions; 
and some kaolinite, iron oxides, leucoxene, sericite, and chlorite are later 
alteration products. (See figure 7.) Several beds of the schist may 
locally differ widely from the average here described. 

The prominent biotite with a brown color from several exposures ap- 
pears to be moderately ferruginous—index gamma is 1.60 to 1.64. One 
sample analyzed contains 18.24 per cent iron oxides. 


Quartz 
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dusty 


Sericite 
and 


n 


Biotite 
2000 feet 1000 500 Contact Inclusions 
in granite 
FiGURE 7..—Diagram of Mineral Changes 


Knife Lake slate metamorphosed to mica schist by granite intrusion and by inclusion in 
the granite. The distances from the contact are rough averages of exposures north of 
Vermilion Lake and those south of Tower. 


The garnet metacrysts from several places were tested and proved to 
be isotropic with index 1.80—probably a mixture of pyrope, almandite, 
and spessartite molecules. 

In a few places contact action has been mild, and the minerals of 
adjoining beds show notable differences. A single thin section may 
have a sericitic bed, a biotitic bed, and a chloritic bed. The temperature 
and the pressure must have been almost the same in these several small 
laminae, so that the different minerals are probably the result of different 
original compositions. Porosity was slight in all the fine slaty laminae, 
and the recrystallization was not so intense as to cause even thin layers 
to react with their neighbors. Again, a single hand specimen normally 
shows bedding by a variable abundance of biotite in the beds; and where 
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alteration is intense, different metacrysts appear in adjacent beds.** 
The extent of the variation is shown by analyses 4+, 5, and 6 of Table 2, 
but this seems to be an extreme that rarely occurs. 

Common reports of hornblende in former descriptions of the Knife 
Lake schist may be misleading. Hornblende does appear in some tuffs 
and in tuffaceous sands. Careful statistical study of the slates, however, 
indicates that probably less than one twentieth of the schist of the for- 
mation contains any hornblende. A few fragments of hornblende schist 
from the Ely greenstone are included in biotite granite and show horn- 
blende partly altered to biotite along the borders; but most hornblende 
schist is formed from greenstone, and most biotite schist, from sediment. 

Hornblendic granite and syenite magmas have not changed the average 
slates in Minnesota to hornblende schists, as might be expected by reac- 
tion (113). Production of biotite instead of hornblende by magmatic 
action may be due partly to the fact that even the hornblende granites 
have a little biotite and partly to the fact that the inclusion of slate was 
more hydrous than the magma.** The granite magma did not carry 
the dehydration so far as to change biotite to less hydrous minerals (as 
a gabbro magma did). Lack of complete equilibrium between the min- 
erals of the contact rocks and the crystallizing magma is also shown by 
some zoned feldspars in the contact rock; but these are not common. 

Chemical effects—The composition of the coarse normal biotite schist 
is shown by analyses 1, 2, and 3, Table 2.. The whole group of analyses 
of Knife Lake schists has an average well within the range of composition 
of the less altered slates, Table 1.2° The schists have perhaps a little 
more lime and soda than the slates.2° The main bodies of biotite schist 


23.4. L. Hall (Vroe. Geol. Soc. South Africa, 1914, page XXXV), suggests that stauro- 
lite may form in some places and not in others because of a difference in pressure, but it 
cannot be assumed that either temperatures or pressures were different in the different 
laminae of a hand specimen. The occurrence of metacrysts in one lamina of a series is 
chiefly a result of different compositions. 

24 This relation of minerals to original composition was noted also by Winchell : Biotite 
from sediments and hornblende from igneous rocks. Minnesota Geol. and Nat. Hist. Sur- 
vey, vol. 4, 1899, pp. 272-73, 283 and 543. Van Hise, in his Treatise on metamorphism, 
U. S. Geol. Survey Mon. 47, 1904, does not record hornblende from alteration of pelites 
but shows some in plate 10. 

2 C¢. R. Van Hise: The origin of the mica schists of the Penokee-Gogebic. Am. Jour. Sci., 
vol. 31, 1866, pp. 453-460. Van Hise believed the main change to be reerystallization 
rather than addition. He did, however, suggest that the 2.22 per cent MgO required 
explanation——perhaps due to additions by ground water. Such percentages of magnesia 
are not rare in slates and probably do not e¢all for explanations, but Lindgren has called 
attention to some examples of additions of magnesia in contact action. See, W. Lind- 
gren: The cordierite—anthophyllite mineralization at Blue Hill, Maine, and its relation 
to similar occurrences. Prof. Nat. Acad, Sei., vol. 11, 1925, pp. 1-4. 

26 Even the supposed fusion of rocks (anatexis or palingensis) seems to be accompanied 
by an addition of soda, probably from a nearby magma. See, J. J. Sederholm: On mig- 
matites. Bull. Geol. Comm. Finlande, No. 58, 1923, pp. 130-137. 
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produced by granite contact action without lit-par-lit injection were not 
greatly changed in essential constituents, except that the combined water 


was reduced. 


Table 2.—Minnesota Slates Altered by Granite Intrusives 


Biotite schists from Knife Lake slates 

Mica- slate 

Sandy altered 

Ceous Three adjacent beds 
laminae 
| 
1 2 3 a 5 6 7 
63.04 | 58.87 | 64.48 | 56.42 | 76.62 | 56.00 63. 82 
AleO3 16.45 | 17.42 14.83 | 19.66 9.15 | 20.39 14.65 
FesOs......... 1.32 84 1.49 1.83 1.76 1.95 3.16 
(ae 4.89 5.61 2.40 5.76 2.76 6.06 5.12 
| ee 5.04 3.32 | 2.32 3.88 2.57 3.73 2.08 
CaO 3.17 3.93 | 8.42 3.86 2.74 4.23 .70 
...: 2.62 3.56 2.79 3.21 1.30 2.80 1.95 
2.14 2.67 | 1.48 2.95 1.70 2.56 2.81 
66 2.58 | 1.00 bis 1.20 1.06 2.62 
03 06 | none .16 | none 
54 65 | 35 | .62 35 2.66 
P03... trace md. |........ 19 
100.38 | 99.61 | 100.21 | 100.33 | 100.15 | 99.77 100.09 
1. Biotite schist from Knife Lake slate, Vermilion Lake outlet. S. Darling 
and I’. Grout, analysts. 

2 Dark slaty laminae from Knife Lake biotite schist, south of Tower. Com- 


pare Table 1, analysis 5. S. Goldich, analyst. 


. Light sandy laminae from Knife Lake biotite schist south of Tower. Com- 


pare Table 1, analysis 6. Grout and Yarwood, analysts. 
5, and 6 Three adjacent beds, each about an inch thick, in mica schist, 
probably of the Knife Lake slate (Seine series). Grout and Yarwood, 


analysts. 


. Purple aliered Rove slate, Pigeon Point. J. E. Whitfield, analyst. United 


States Geological Survey Bulletin 109, 1893, page 90. 
Two other samples of Knife Lake slate altered to biotite schist have been 


analyzed for silica and alkalies, with results much like those in analyses 1 to 4, 
above; one from Burntside Lake and one from Basswood Lake. 
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INJECTION GNEISSES 


Nearly everywhere that the mica schist is in contact with granite there 
is an injection of dikes of varying thickness down to minute laminae. 
Where these laminae are numerous and the connection with the granite 
is not exposed, the resulting gneiss might be mistaken for an extreme 
phase of contact metamorphism; and, in one sense, it is. The innumer- 
able exposures, however, show that these gneisses are probably developed 


F1GurRE 8.—Mica Schist 


Knife Lake formation, crossed by a pegmatite dike and injected lit-par-lit. 


only by additions of magma—especially by a somewhat pegmatitic phase 
of the magma (figure 8). 

It seemed clear in the field that all gradations could be found between 
schist and granite.** Analyses are therefore hardly needed. The granite 
in one place near a group of schist inclusions, injected as noted above, 
is noticeably darker than average, and analyses show that it may have 
assimilated as much as 20 per cent of its weight of the schist.2* The 


27 This gradation has been emphasized by N. H. Winchell: op. cit., pp. 542-3. 
28 Frank F. Grout: The Vermilion batholith of Minnesota, Jour. Geology, vol. 33, 1925, 
p. 479. 
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hornblende granites and syenites seem to have less abundant inclusions 
than the biotite granites, and near the hornblende rocks only pegmatitic 
phases commonly inject the schist in lit-par-lit structure. 

The injected schist is only slightly coarser than the biotite schist of 
the large areas already described, and it is difficult to be certain that the 
real schist layers themselves have received any added material other than 
the alternating layers of igneous rock. In a few places the schist layers 
seem lighter in color, and measurements indicate that they contain more 
feldspar and less quartz than the schist free from injection, but the 
schist layers could not be separated from an injection gneiss well enough 
to yield satisfactory material for analysis. The orientation of the biotite 
seems a little less pronounced in the injected schist than in the original. 


“RED ROCK” EFFECTS ON SLATE 


Animikie slate and quartzite occur at Pigeon Point, intruded by gabbro 
and by “red rock,” a sodic granite formed as a differentiate of the gab- 
bro.** Bayley long ago described the effect of the red rock, and of a rock 
intermediate between that and gabbro, on the sediments. Inclusions of 
slate become chloritic and micaceous, and in some places develop crystals 
of feldspar with a red color like that in the granite. It is uncertain whether 
the magma itself or some emanations from it permeated the slate, but 
possibly some material was added to form the feldspar. Analysis 7, Table 
2, of the altered rock, so closely resembles the analyses of Animikie slates 
of Table 1 that the additions were probably slight. 


GRANITE Contact ACTION ON SLATES IN OTHER Districts 


A somewhat hasty review of the reports of other districts in which 
sediments have been metamorphosed shows that the granitic action in 
Minnesota was not at all abnormal. (See the bibliography at the end of 
the paper.) Out of 63 examples, granite formed biotite schist in 51, horn- 
fels in 29 (both schist and hornfels having been reported in a few). 
Seven hornfelses are reported to have formed by the alteration of a schist, 
so that the contact action destroyed earlier structure. Harker *° sug- 
gests that the hornfels may be the result of a “more extreme” metamorph- 


2” W. S. Bayley: The eruptive rocks of Pigeon Point, Minnesota. U. S. Geol. Survey 
Bull. 109, 1893, pp. 78-9. 
%° A. Harker : Petrology for students, 6th Ed., 1923, p. 274. 
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ism than schist. In several districts the wall rock of the granite is made 
schistose, whereas apparently related fragments included in the granite 
are made hornfels. In a few districts a series of zones of different kinds 
of schist include a zone of “hornfels” which may be more truly an intro- 
duction than a contact-metamorphosed wall rock. 

Out of 63 examples, all the 51 schists and over half the 24 hornfelses 
have biotite. Two hornfelses and some schists with hornblende may have 
been related to a granodiorite rather than to true granites. The meta- 
crysts include a good many minerals, and although some are said to char- 
acterize zones around the granites, about as many are believed to be related 
to the composition of the original beds. 

Chemical tests of the changes at seven occurrences indicate slight 
additions, possibly of silica, of alkalies, and, more rarely, of lime. Effects 
on other constituents are less regular. 


Errects oF THE DuLurH GABBRO MAGMA AND RELATED SILLS ON 
SLATES IN MINNESOTA 
THE GABBRO 


The Duluth gabbro, north of the western part of Lake Superior, is one 
of the largest gabbro intrusives in the world, and its contact action is 
thus comparable with that of the still greater batholiths of granite nearby. 
The petrography of the mass is complex,** but its chief phases are olivine 
gabbro, normal gabbro, troctolite, anorthosite, peridotite, and magnetite 
gabbro, with a red granitic differentiate at the top. Many analyses are 
compiled in the work cited, including one from the sill at Pigeon Point. 

In the area near the contact-metamorphosed slates the gabbro is uni- 
formly olivinitic, mostly with banded structure showing only slight varia- 
tions. 


THE GABBRO CONTACT ZONE 


Contact rocks near gabbro outcrops show megascopic peculiarities in 
a zone as much as a mile wide. The actual contact of the gabbro with 
its floor is visible at only a few places but appears to dip from 15° to 45° 
to the south along most of the Vermilion Range. Altered rocks, now 
exposed a mile from the gabbro outcrops, were, when metamorphosed, 
probably at least 2000 feet below the main gabbro magma. 

Knife Lake slate is the chief rock in the floor of the gabbro for a dis- 
tance of about 20 miles near Snowbank and Kekequabic lakes. In the 


31 Frank F. Grout: A type of igneous differentiation. Jour. of Geol., vol. 26, 1918, 
pp. 626-658. 
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lower part of the gabbro, a series of slate inclusions of remarkable size 
and abundance show the same contact effects as the rocks in the floor 
(figure 9). Exposures are numerous, and no special locality need be cited. 
Samples were taken at several places. 

Altered Animikie slates form the floor of the gabbro for about 100 
miles, partly near the Mesabi Range and partly east of Gunflint Lake. 
These rocks also contribute abundant fragments to the gabbro and show 


Figure 9,—Inclusion of Rove Slate (Animikie) in Duluth Gabbro 


The slate is thoroughly recrystallized to hornfels but retains a slaty banding. 


a notable contact zone.*? For a few feet the contact rock is commonly 
brecciated (figure 10). 

The gabbro recrystallizes both the Rove and the Knife Lake slates into 
massive sugary-granular aggregates (with granulitic, granoblastic, or 
hornfels textures) with grains commonly less than 1 mm. in diameter 


# Contact metamorphism in these slates near the Logan sills of diabase is slight, except 
near the thick sill on Pigeon Point. At most places no effect can be seen beyond a few 
inches, but locally some andalusite metacrysts are found several feet below a sill. These 
are not in zones determined by distance from the sill or by noticeable differences in 
porosity, but seem to form where the bed had a favorable composition. The gabbro itself 
is thin and sill-like east of Gunflint Lake, where Clements noted metamorphic effects for 
only about 50 feet (U.S. Geol. Survey Mon. 45, 1908, pp. 391-4). 
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(plate 39). The grain is somewhat coarser near the gabbro than at a dis- 
tance, and a few outcrops show poikiloblastic grains of biotite with granu- 
litic inclusions of feldspar, magnetite, and other minerals. Some rocks 
of the contact zone closely resemble diabases.** The matter is complicated 
by the fact that diabase sills in this same district are altered to hornfels 
by the gabbro. These are not the rocks here referred to. All hornfelses, 


FiGure 10.—Brecciated Hornfels 


Contact of Rove slate with Duluth gabbro. Hornfels a few feet wide. 


the origin of which was doubtful, have been omitted from this study of 
the slate hornfels. 

Contact rocks were long confused with “chilled phases of gabbro,” but 
the evidences of their derivation from slate are fairly conclusive: (1) 
None ordinarily becomes so coarse as to resemble gabbro with an average 
grain greater than 2 mm. in diameter, even though the minerals may be 
identical ; (2) there are transitions from hornfels to slate, but the writer 


33 J. F. Kemp : Handbook of rocks, 5th Ed., 1927, page 267 ; author notes that sediments 
may be altered to pseudo-diabase. See also P. K. Ghosh: Petrology of the Bodmin Moor 
granite, Mineralog. Mag., vol. 21, 1927, pp. 285-301. 
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FIGURE 3 FIGURE 4 


Figure 1.—Hornfels from Rove slate, Little Saganaga Lake. X50. 


Fiaures 2, 3 and 4.—Hornfels from Knife Lake slates, near Snowbank and Kekequa- 
bie lakes, X50. 


TEXTURES OF SLATE HORNFELSES NEAR THE DULUTH GABBRO, MINNESOTA 


Ficure 1 Ficure 2 q 
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has not seen a transition from hornfels to gabbro; (3) hornfels is found 
with gabbro that contains quartz, cordierite, and other minerals derived 
from dissolved sediments; (4) hornfels inclusions are more abundant 
near the contact than far above; (5) there are quartz-feldspar mosaic 
textures not found in the quartz-feldspar phases of the gabbro; (6) the 
sugary grain of the mafic minerals is characteristic and. is not found in 
the gabbro where uncontaminated. The older reference to granulitic 
gabbro is, therefore, not acceptable.** 

It is perhaps noteworthy that the lamination of the slates was not 
included in the foregoing list of evidences of sedimentary origin. This 
is because the gabbro also is laminated, and the only feature of the sedi- 
mentary laminae that indicates origin is their erratic orientation in some 
inclusions in the gabbro—not in the contact rock outside. Furthermore, 
the lamination in the sediments is somewhat obscured by metamorphism, 
especially on the fresh surfaces. The faint lamination seen on brown 
weathered surfaces is so crumpled, and each lamina is so mingled with 
adjoining laminae, that samples cannot be obtained to test the variations 
in composition. As the original slate and the original graywacke, how- 
ever, differ very little (Table 1), the whole formation altered by the 
gabbro magma can be compared with either. 


ALTERATION OF INCLUSIONS 


The intensity of the crumpling and the modification of the original 
structure suggests that for a few feet the gabbro may have softened the 
slate to at least a “mushy” consistency. This appearance of softening 
is especially pronounced in the smaller inclusions in the gabbro which 
are rounded at the corners and have schlieren extending out from them 
into the gabbro at places, as if partly assimilated. A test in a muffle 
furnace shows that at 1190° C., the average Knife Lake slate is swelled 
and viscous, as if largely molten, so that such an effect from gabbro magma 
is not surprising. The gabbro, however, shows no appreciable change 
near these schlieren of hornfels texture except near the rare fragments of 
exceptionally siliceous or ferruginous material. Except in rare expo- 
sures,*® the texture is not schistose in the sense of having a cleavage due 
to orientation. In a few small exposures near Disappointment Lake the 
gabbro appears to have intruded its walls and xenoliths of slate in lit- 
par-lit fashion as if the wall had been schistose when intruded (figure 11). 


31 W. S. Bayley: The basic massive rocks of the Lake Superior region. Jour. Geol., 


vol. 3, 1895, pp. 1-20. 
3% Van Hise and Leith: Geology of the Lake Superior region, U. S. Geol. Survey Mon. 


52, 1911, p. 133, mention some schist not seen by recent parties. 
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MINERALS OF THE SLATE HORNIFELSES 


Detailed notes on minerals of the Knife Lake slate altered by the Duluth 
gabbro have been published by A. N. Winchell.*® The rock in See. 15, 
T. 63 N., R. 9 W. southwest of Snowbank Lake is along the edge of the 
gabbro, and unless the exposures are very clear it is difficult to distinguish 
an exomorphie contact rock from an inclusion in the gabbro. The tex- 


Figure 11.—-Banded Gabbro and Hornfels, south of Disappointment Mountain 


This is probably derived from slate, and is believed to have resulted from lit-par-lit injee- 
tion of gabbro into the slate. 


ture, however, makes it certain that the rock described is a metamorphic 
rock rather than a contaminated gabbro. 

The hornfels is composed chiefly of labradorite, bronzite, biotite, and 
cordierite, with accessory quartz, magnetite, staurolite, zircon, apatite, 
epidote, and spinel, and secondary anthophyllite and muscovite. The 
composition is shown in Table 3, analysis 5. If the main constituents 
alone are considered, hornfels of this character is not unusual, having 
been noted by V. M. Goldschmidt ** in the classic series near Kristiania ; 
but his series suggests a gradation from shale to limestone as the lime 


36 A. N. Winchell : Mineralogical and petrographic study of the gabbroid rocks of Minne- 
sota. Am. Geologist, vol. 26, 1900, pp. 294-306. Winchell called the rock norite but left 
some doubt as to its origin. 

37 Class 4 of Goldschmidt’s 9 classes. Die Kontaktmetamorphose in Kristianiagebiet, 
Kristiania, 1911, p. 140. 
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minerals increase, whereas this hornfels from Knife Lake slate has lime 
minerals as a result of gabbro action—the original slates carry little lime. 

Other exposures of hornfels from the slates differ widely from this one, 
which was so carefully studied. Out of some 40 good examples from the 
Knife Lake slates only about one-fourth have recognizable cordierite. 
Most of the contact rocks have a more calcic plagioclase than the slates, 
and contain a little quartz. A few inclusions in the gabbro have olivine. 
The pyroxene is monoclinic in 15 samples and orthorhombic in 10, both 


Quartz 
4 Andesine 
and 
Feldspars labradorite 
of any kinds Z feldspars Some dusty cores 
dusty 
we = Cordierite 
Sericite Pyroxenes 
it (and olivine) 
e 
Biotite 
2000 feet 1000 500 Contact Inclusions 
in gabbro 


Figure 12,—Diagram of Mineral Changes 


Slates metamorphosed to hornfels by Duluth gabbro intrusion and by inclusion in the 
gabbro. Quartz and olivine are not noted in the same hornfels. Such a sequence is well 
exposed west of Jordan Lake, Minnesota. 


kinds appearing together in 3. Brownish-green hornblende appears in 
small amounts in about one-third of the rocks. Biotite and magnetite 
are scattered in nearly all specimens. Less common accessories are sul- 
phides (partly oxidized), sericite, garnet, apatite, zircon, uralite, acti- 
nolite, and tourmaline, the last in slates only slightly altered toward the 
hornfels texture. The garnet is birefringent and has an index near 1.78, 
probably grossularite-andradite, notably different from the garnets in 
schists formed by granite action. Some hydrothermal alteration has fol- 
lowed contact action and formed small amounts of late sericite, chlorite, 
carbonate, serpentine, and tale. Some of the biotite and even the am- 
phibole may be of late formation, though it is thought that they are 
generally contact products. 
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Hornfelses from the Animikie slates are much like those from the 
Knife Lake slate, both in texture—roundish grains from .05 to .6 mm. 
in diameter—and in mineral content, chiefly plagioclase, quartz, and 
cordierite for light minerals, and biotite, both pyroxenes, hornblende, 
and magnetite for dark minerals. Olivine appears only in a few much 
altered inclusions in the gabbro (figure 12). Accessories and secondary 
minerals also are like those of the Knife Lake slates but include more 
muscovite and graphite. Other minerals—namely, anadalusite (7), epi- 
dote, and titanite—were found in only one thin section each out of the 
40 which were examined. 

Most of the hornfels inclusions and some of the most altered contact 
hornfels have feldspars with black dusty inclusions, especially in the cen- 
tral cores of large grains. Such a cloudiness has been attributed to thermal 
metamorphism or feldspars (107), but in the Minnesota rocks the feldspars 
_ are newly generated from clay minerals, so that the cloudiness is not due 
to an attack upon old feldspars and certainly is not a sign that the unal- 
tered rock was a feldspathic igneous rock. The original rocks contained 
a few fragments of many different feldspars, but the rocks were shaly 


sediments. 


ZONES OF ALTERATION NEAR THE GABBRO 


Progressive change from fresh slate to hornfels can probably be seen 
best along the outlet of Jordan Lake in Sec. 23, T. 64 N., R.8 W. At 
2000 feet from the gabbro there is no sign of contact action. For perhaps 
500 feet from the gabbro the slates are recrystallized, increasing the aver- 
age grain size from about .01 to about .03 mm., changing sericite and 
chlorite to biotite, freshening the feldspars, and adding apatite and tour- 
maline. At this stage, also, some ghostlike poikilitic, colorless grains of 
the slate become sufficiently well individualized to be recognized as cor- 
dierite, much coarser than the average grain. These are the “spotted” 
rocks of some earlier reports. Garnet appears in calcareous layers. The 
lamination of the rock is intensely crumpled, more at Jordan Lake than 
in most places, but not in the least obscured. The layers are still charac- 
terized by different minerals, although there can be no doubt that the 
intensity of metamorphism is the same in each layer, where they can 
all be seen in a single thin section. A quartz-biotite band by the side 
of a garnet-carbonate band is not a sign of a deeper zone nor of any dif- 
ference in temperature, pressure, or mineralizers ; it is simply a sign that 
the original bed was of different material. 
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For a few feet near the contact some fragments of hornfels have been 
injected by gabbro lit-par-lit. The hornfels layers are altered to labra- 
dorite, augite, biotite, and magnetite; and the grains tend to be rounded 
and uniform, except that augite grows large and encloses the rounded 
grains of others poikilitically. The rounding makes the texture sharply 
distinguishable from the coarse diabase pattern of the gabbro layers. 
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CLAY AND FERRIC OXIDE SILICATES 


Figure 13.—Triangular Diagram of the chief Mineral Changes when Slates are intruded 
by Duluth Gabbro and included in it 


Diagram after the method of Van Hise and Leith, United States Geological Survey Mono- 
graph 52. Arrows show the changes produced 


The chemical composition here for a few feet from the contact shows 
notable modifications. The tourmaline added to the outer zone does not 
seem to persist in this more altered zone. 

In the gabbro are several inclusions of hornfels showing, in several 
stages, a gradual loss of the lamination characteristic of the contact rocks. 
The grain remains fairly constant, however, between .02 and .5 mm., con- 
trasting so markedly with the coarse gabbro that there can be no doubt 
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that the inclusions are derived from the same formation as the contact 
rock. The minerals resemble those of the gabbro, except that the pyroxene 
is largely orthorhombic, near bronzite. 

Some specimens collected long ago, at or near Illusion Lake, show a 
The slightly altered slate 


has biotite and cordierite; the next stage shows hornblende rather than 
biotite; and the rock near the gabbro is chiefly plagioclase, bronzite, and 
magnetite (figure 13). 


sequence ** similar to that near Jordan Lake. 


Feldspars...... 
Cordierite....... 


TABULAR SUMMARY 


At 1000 feet 
from gabbro 


500 to 50 feet 
from gabbro 


Graywacke 
.5 mm. 


Chionte........| 


Magnetite 


Graphite......../ 
Sericite........ 
Epidote......... 


Pyroxenes and 


Olivine*...... 
Tourmaline... . 
Carbonate..... 


.03 mm. 


Per cent 
35 


* No olivine in quartz rocks. 


5 feet Included 
from gabbro in gabbro 
05 mm .l to .56 mm. 

Per cent Per cent 

25 20 

254 30 

20 10 

14 12 

2 0 

6 8 

2 0 

2 0 

2 20 

2 0 

0 0 


1. Hornfels inclusion in Duluth gabbro near Frazer Lake where the main 


wall rock is Knife Lake slate. 


Yarwood and Grout, analysts. 


2. Hornfels from Knife Lake slate below gabbro at Jordan Lake. 
Yarwood, analyst. 


3. Hornfels from Knife Lake slate included in gabbro at Jordan Lake. 


S. Yarwood, analyst. 


38 N. H. Winchell : Minnesota Geol. and Nat. Hist. Survey, Final Rept., vol. 5, Nos. 1035 


to 1038, 1900. 
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4. Probably hornfels, “cordierite-norite,” Sec. 15, T. 68 N., R. 9 W. near 
Snowbank Lake. Included in gabbro where the main wall rock is Knife 
Lake slate. A. N. Winchell, analyst. American Geologist, volume 26, 
1900, page 303. 

5. Hornfels inclusion of large size, with some bedding, near Bashitanaqueb 
Lake, Sec. 2, T. 64 N., R. 5 W., where the main wall rock is Animikie 
slate. A. D. Meeds, analyst. Minnesota Geological and Natural History 
Survey, 21st Annual Report, 1893, pages 150-151. 

6. Hornfels inclusion near base of the gabbro. Island in Gabemichigama. 
The inclusion shows slaty bedding and the associated iron formation 
inclusions suggest that all are derived from the Animikie, although 
some Knife Lake slate occurs hear by. R. B. Ellestad, analyst. 

Hornfels breccia fragments, East Mesabi Range, where gabbro overlies 
Virginia slate. F. Grout, analyst. 

8. Hornfels matrix of breccia (No. 7). F. Grout, analyst. 

9. Hornfels of Rove Slate near gabbro, Cook County. D. M. Davidson, 
analyst. 

10. Cordierite-bearing Rove Slate, near diabase sill, Sec. 24, T. 65 N., R. 
3 W., Minnesota. D. M. Davidson, analyst. 

11. Cordierite-bearing Virginia slate (hornfels) near diabase sill, East Mesabi 
Range, See. 21, T. 59 N., R. 14 W. Partial analysis by H. N. Stokes. 
United States Geological Survey Monograph 43, 1908, page 172. 


CHEMICAL EFFECTS OF THE GABBRO MAGMA 


The chemical composition of the hornfelses is fairly close to that of the 
slates except those within a few yards of the gabbro. Here, where the 
alteration is greatest and the rock most crumpled, considerable changes 
in composition are shown. The uniformity of the slate and graywacke 
elsewhere only serves to emphasize the alteration that does occur close 
to the gabbro. The changes have not always been discovered by recon- 
naisance studies.*® Silica and water are less by some 15 to 30 per cent 
of the original amounts; alumina, iron oxides, magnesia, and titanium 
oxide are greater by 15 to 30 per cent of the originals. Even more strik- 
ing are the changes in lime to 200 per cent more than the original and 
in potash down to 50 per cent of the original. Soda is the only constit- 
uent showing no important change.*° Clements’ suggestion *! that mag- 
nesia was probably added, is amply confirmed. (See also figure 14.) 


3 C. R. Van Hise and C. K. Leith: Geology of the Lake Superior region. U. S. Geol. 
Survey Mon. 52, 1911, pp. 200 and 546, say that additions were probably slight or none. 
Zapffe in Econ. Geol., vol. 7, 1912, p. 174, says he found no addition of material, but 
his Rosiwal analysis, calculated into chemical terms indicates a considerable addition 
of magnesia. 

4° A. Harker: Petrology for students, 6th Ed., p. 276; suggests that soda is often added. 

413. M. Clements: The Vermilion iron-bearing district, U. S. Geol. Survey Mon. 45, 
1903, p. 345. 
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Animikie slates are affected by the gabbro in much the same way as 
Knife Lake slates. Most of the analyzed Knife Lake hornfelses are 
inclusions, and most of the Animikie hornfelses are contact rocks. The 
Logan sills show even less effect than the thin edges of the gabbro mass 
(analyses 10 and 11, of Table 3). 

The tendencies of the metamorphic changes in composition are fairly 
clear (figures 13 and 14). Change in the slate when it becomes hornfels 
makes it more like the gabbro, but the change does not extend over many 
feet from the contact except where the gabbro is very thick or where the 
slate mass is included in gabbro. The inclusions in the gabbro, even if 
hundreds of yards thick, are altered to a composition closely resembling 
that of gabbro. It should be recalled also that this change occurs in 
masses which have not been injected lit-par-lit by the gabbro. Such a 
structure is recognized in a few places, but the hornfelses here studied 
are clearly not of that structure. 

So far as has been determined, there is not in Minnesota any evidence 
of noteworthy exchange by which the sediments contribute some ele- 
ments to the magma to balance the contribution from the magma to the 
sediments. Since the change in composition can be detected in contact 
rocks as well as in inclusions, it seems likely that emanations from the 
magma passed through the sediments, adding some elements and carry- 
ing others away into the zone of groundwater circulation. 


SEQUENCE oF Two Contact ALTERATIONS 


Figure 1 shows that near Snowbank Lake and near Kekequabic Lake 
the Knife Lake slate is in close proximity to both an Algoman granite 
and the Duluth gabbro. These areas were observed with care; first, to 
make certain whether or not the granites made the formation schistose, 
and, second, to determine whether or not the alteration to biotite schist 
made any difference in the product formed by later action of the gabbro. 
Biotite schist near these two granites, where more than a mile from the 
gabbro, is in all essential respects like that near the Giants Range 
and the Vermilion granites. Doubtless the slates near the granite were 
changed to biotite schists before the gabbro was injected. Near the 
gabbro, however, the biotite schists have been altered to massive horn- 
fels or granoblasts, similar in all respects to those formed directly from 
Knife Lake slate. The schist that was injected by gabbro magma lost 
its schistosity. 
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Gapsro Contract ACTION ON SLATES IN OTHER DistRIcTs 


In contrast with the abundant examples of schists near granites, 
there are few examples on record of schists formed at the contacts 
of basic rocks. (See the bibliography at the end of the paper.) La- 
croix reports mica schists near a lherzolite contact in the Pyrenees 
(86), and some parts of the contact zone below the Bushveld norite 
are schistose (92). 

Out of a total of 17 examples of gabbro intrusives, all produced 
hornfels. The gabbro at Preston, Connecticut, made a hornfels of 
included slates, but schists are in its walls. There are so many horn- 
felses near gabbro and so few near granite that it might even be sug- 
gested that hornfels near granite should lead to a search for some later 
gabbro intrusive. Of course, there is no a priori reason why granite 
should not produce a hornfels directly, but the correlation is, nevertheless, 
very striking. 

Several gabbros produce a brecciated zone in the hornfels near their 
contacts, but both the fragments and the matrix are altered slate. 

Several masses show a series of zones of different minerals. Horn- 
blende, pyroxene, cordierite, and the aluminium silicates are all reported 
from more districts in the small list of gabbro intrusives than from 
the larger list of granite intrusives. The lit-par-lit injection of sedi- 
ments by gabbro, seen only locally in Minnesota, is not common either 
here or elsewhere (88) (91). 

In several districts the gabbro formed a hornfels which is so much 
like the gabbro itself that careful work has been necessary to make 
certain of its sedimentary nature. In several districts, also, gabbro 
has formed hornfelses from different originals. 

There is such an abundance of hornfels in and near gabbro that 
many questions have arisen as to the nature of the original material. 
The beerbachite of European localities serves to illustrate the problem. 
Originally supposed to be a dike, the beerbachite was shown by Klemm 
to be hornfels (105). In a discussion of such materials, Macgregor 
(106) questions only whether the hornfels was originally igneous or 
sedimentary. He concludes it was igneous because of clouded feldspars 
(107) and the igneous character of the analyses. It may be said that 
the Minnesota work clearly shows that clouded feldspars and the gab- 
broic nature of the analyses are not accurate signs of igneous origin. 
Analyses 1, 3, 4, 5, and 6 of Table 3 are of rocks that are quite clearly 


. 
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proved by structure and location to have been shales. Gabbro hornfelses 
resemble gabbro, whatever their origin. 

Chemical effects by gabbro magmas on contact slates and inclusions 
are much the same everywhere they have been studied—a gain in lime 
and magnesia and a loss in potash and alumina. Hall reports (94) the 
norite in South Africa made shale more basic, removed alumina, and added 
lime and magnesia. Read, in the Scottish Highlands, thought that gab- 
bro magma and shale exchanged material (102) in such a way that 
xenoliths gained lime and magnesia and lost alumina, potash, and soda. 
Read cites (101) other districts, also, where such an exchange seemed 
probable. On the other hand, several districts like this one in Minnesota 
have not shown evidence of such an exchange as would add much to the 
magma. In the Bushveld, alteration began at once when the magma 
was intruded, so that assimilation acted only on the hornfels (100). 

Several intermediate rocks probably produce intermediate effects. 
Granodiorites turn slates to schists at Ophir, California (80), at Mount 
Stuart, Washington (82), and at Ray, Arizona (84), but to hornfels in 
the Dutch East Indies (83). Quartz monzonites form hornfelses in 
Utah (85), and schists at Butte, Montana. The dioritic early phase of 
the Butte mass, however, forms a hornfels, and the mica diorite of the 
Cortlandt series forms both schist and hornfels (78). Nephelite syenites 
of Arkansas (79) and of Monchique (81) form hornfelses. Thus, out 
of nine districts, intermediate rocks produce schists in five and horn- 
felses in six by contact action on slates. 


ConTRAST OF EFFECTS OF GRANITE AND GABBRO MAGMAS ON SLATES 
OF MINNESOTA 


Winchell concluded from his studies in Minnesota many years ago that 
granite and gabbro magmas produced very different contact rocks.4* He 
suggested that igneous magma acting on a rock generates those ferromag- 
nesian minerals characteristic of the intrusive.‘* So many statements 
of different opinions, however, have been made since that time ** that it 
seems necessary to summarize and to emphasize the differences known 
(figure 14). 


42.N. H. Winchell: Minnesota Geol. and Nat. Hist. Survey, Final Rept., vol. 5. 1900, 
p. 11. 

43.N, H. Winchell: Ibid., vol. 4, 18£9, p. 272-3. 

44 For examples see Clements, op. cit. p. 342: and Nebel, op. cit., p. 394. 
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SUMMARY 
Slate, Mica schist Hornfels 
Shenitines near granite, near gabbro, 
60 sections 80 sections 
Quartz Quartz Plagioclase 
Feldspars Biotite Pyroxenes 
Minerals in Chlorite Plagioclase Cordierite 
order of Sericite Orthoclase Quartz 
abundance Biotite Hornblende Biotite 
Carbonate Muscovite Magnetite 
Graphite Hornblende 
s Slaty Very schistose Granoblastic 
tructure Laminated Lamination ob- Lamination ob- 


and texture 


scured 


scured 


: .01 mm. slate .3 to 1 mm. .2 to .5 mm. 
Size of .50 mm. gray- 
wacke 
Slightly Slightly Increase of CaO, 
dehydrated dehydrated Al2O3, Fe oxides, 
shale slate MgO, & TiOe 
Composition Lit-par-lit Decrease of K,0, 
changes grades to H.0 & SiO, 
granite Lit-par-lit grades 
to gabbro 
Regional 1 to 10 miles About 1 mile 
Width of Intense changes of 
belt composition —_ for 


only a few feet 


CONTRAST OF EFFECTS OF GRANITE AND GABBRO MAGMAS ON SLATES 
IN OTHER DistTRICTS 


MINERAL EFFECTS 


The nature of contact action is commonly reported as independent of 


the magma involved.* 


Hall,** in a recent statement, qualifies the idea 


by saying, “given sufficient heat for an adequate length of time, thermal 


4S. J. Shand : Eruptive rocks, 1927, p. 42-3. 
E. Weinshenck (A. Johannsen) : Fundamental principles of petrology, 1st Ed., 1916, 
pp. 119-120, says only the degree of alteration is influenced by gases, whether granitic or 
basaltic ; the kind is the same whether acidic or basic. 


46 Guide Book of Excursion C19, XV Session, Int. Geol. Cong., 1929, p. 30. 
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The original slate composition is taken as 100 on the diagram. 
to the right. Each zigzag line shows one pair of analyses compared. Data used are the averages of selected examples in Tables 1, 2, 
and 8. The full line for the schists formed by granite is less different from the original than the broken line for hornfelses formed by 
gabbro. Crosses are added to show the composition of the gabbro andthe fact that gabbro makes the slate approach the gabbro in composi- 


tion. 


FiGurE 14.—Straight line Diagram of the Chemical Changes when Minnesota Slates are altered by Contact Action 


Gain during metamorphism is shown to the left of 100, and loss, 
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metamorphism is independent of the nature of the intrusion.” This may 
be true, but if so, the results indicate clearly that average granite magma 
differs from average gabbro magmas in the heat or time involved. Prob- 
ably they differ also in water content and in the associated intrusive 
stresses, so that the whole set of factors needs study. And, of course, 
it is self evident that rocks injected lit-par-lit by magmas will differ as 
the injected material differs. It is difficult, moreover, to draw a sharp 
line between injections of primary magma and those of pegmatite and 
water solutions emanating from a magma. 

Bowen has given a broad, accurate statement of the effects of magmas 
on inclusions, including many minerals and referring to the stage of 
evolution of the magma (113). The present study may be taken as 
a field illustration of some of the reactions Bowen describes. Only a 
few suggestions are added. Briefly, Bowen concludes that many of the 
inclusion minerals are due to reaction of the magma with the solid min- 
erals to produce such minerals as are in equilibrium with the crystallizing 
magma at the time of reaction. Only those minerals dissolve which are 
characteristic of a later stage of magma crystallization-evolution. It is 
here suggested that the reaction may not always reach equilibrium, and 
that the result may depend on the nature of the original fragment. This, 
of course, is more likely to be true of contact rocks than of inclusions 
that have small volumes and lie in contact with magmas for a long time. 
Specifically, in Minnesota biotite granite turns basalt to hornblende 
schist, whereas a more hydrous slate becomes biotite schist with no horn- 
blende at all. The hornblende schist has a little associated biotite and 
may not have reached equilibrium. Barrell’s observations (110) of the 
relations of biotite, hornblende, and pyroxene in contact rocks also indi- 
cate that the composition of the wall rock is perhaps as important as the 
nature of the magma. Lacroix found (10S) differences in the effects of 
basalt and trachite, concluding that basalts affected inclusions wholly 
by heat, and trachites added so much chemical action as to efface the 
results of heat. Minnesota intrusives show almost the reverse, granite 
causing new minerals and structures by heat and deformation but gab- 
bro adding so much chemically and by recrystallization as to obscure the 
effects of earlier granite. 

Contrast in the metamorphic effects of granite and gabbro magmas 
has been noted also by several other geologists. (See the references 109- 
115 at the end of this paper.) 

Any suggestion that granite magmas have greater effects than gabbro 
magmas is probably a result of the relatively small number of gabbro 
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masses and of their lack of much economic interest rather than of their 
size. 

The changes of composition noted have wide significance. 1. Contact 
action is in part by emanation. 2. Alteration of the rock by emanation 
may precede inclusion. 3. Inclusions may in many cases have almost 
the composition of the magma around them. This is commonly stated 
for granite contacts.*7 Fenner says, “By the deposition of magmatic 
minerals and by removal in solution of certain of the previous constituents, 
the composition tends to approach that of the magma itself, and when 
blocks of wall-rock are finally engulfed in the magma their composition 
may be so changed that their assimilation effects but little change in the 
composition of the latter.” Eskola noted that alteration came before 
assimilation in Massachusetts.** Similar changes in composition before 
assimilation seem to be effected by gabbros. Changes in Minnesota and 
in the Bushveld, cited above, serve to illustrate the effect. 

Bowen also notes, as Broegger did (87), that slates react with gabbro 
magma to form orthorhombic pyroxene, but no reaction of slate with 
granite produces such a pyroxene. 

The old idea that the alteration is independent of the composition 
of the plutonic rock is probably incorrect. 


STRUCTURAL AND TEXTURAL EFFECTS 


Besides the mineral changes related to the natue of the magma, some 
importance attaches to the textural and structural effects of magmas. 
Granites form schists in their walls, with only a little hornfels, and 
that mostly in inclusions. Gabbros form hornfels in both walls and 
inclusions, with rarely some associated schists. 

The implications of this structural summary and contrast are also 
most important. If it is granted that most granite magmas make their 
walls schistose and most gabbro magmas do not, the mechanics of their 
intrusion must, as a rule, be different. The obvious suggestion is that 
similar mushy state, and the late intrusive motion would deform the 
probably most granite magmas at the time of intrusion are “mushy” 
mixtures of liquid and crystals at a late stage of crystallization differen- 
tiation. Such a magma would probably move slowly, heat its walls to a 


47 A. Lacroix: Le granite des Pyrénées et ses phénoménes de contact. Carte geol. de 
France, No. 71, 1900, p. 26. 

Cc. N. Fenner: Gneisses in the highlands of New Jersey. Jour. Geol., vol. 22, 1914, 
pp. 697-702. 

J. J. Sederholm: Ueber ptygmatische Faltungen. Neues Jahrbuch f. Min., B. B., vol. 
36, 1913, p. 491. 

48P. Eskola: On contact phenomena between gneiss and limestone in western Massa- 
chusetts. Jour, Geol., vol. 380, 1922, pp. 288-290. 
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whole region as a unit—both the igneous rocks and their walls show the 
orientation. In contrast, a gabbro magma is probably less crystalline, 
less viscous as emplaced, and alters its walls mostly by heat after em- 
placement. It may well be that granites are rarely injected except where 
the forces are great enough to overcome the viscosity of a mushy mixture, 
whereas gabbros are often emplaced by a more passive adjustment to a 
slowly sinking floor. Any structure in such a gabbro would probably 
be a result of convection during crystallization rather than of injection— 
the heated walls are not involved in the motion as they would be if there 
were an intrusive movement. It was once suggested that all internal 
fluxion structures in igneous rocks were signs of low temperature and 
partial crystallization at the time of intrusion (18). This may be true 
of most granites, but is not likely to be true of gabbros. External struc- 
tures in the wall rocks need to be considered in connection with the 
internal fluxion structure. 

This contrast should not, of course, be taken to be without exceptions. 
There are, no doubt, granitic magmas that are not full of crystals like a 
mush, for there are glasses of granitic composition. Doubtless there are 
also granites that produce hornfels in their walls rather than schist, 
as if intruded by some such mechanism as is common in gabbros. Finally, 
there are a few gabbros that were injected with enough associated dynamic 
action to produce schistose walls. Nevertheless, the generalization is 
very strong and the difference very characteristic. It may explain why 
the structural methods applied by Hans Cloos and his school are much 
more satisfactory in granite massives than in gabbros. 

The suggestion of a mushy consistency in magma is not a recent de- 
velopment,*® but there seems to be little reference to the differences in dif- 
ferent magmas in this respect. 


ontTACT ACTION ON RE AT ON GREENSTONE 
C A ON SLatEs CoMPARED WitH THAT G 


Results of this study are in most ways analogous to those of an earlier 
study by Schwartz *° of the contact action of these same intrusives on 
greenstone ; the effects here resemble those in several other districts, the 
literature of which is reviewed by Schwartz. The differences between 
that study and this are the result of differences in composition of the 
rock subjected to metamorphism. Most of the greenstone is made up 


4G. F. Becker: Present problems of geophysics, Amer. Geologist, vol. 35, 1905, p. 12, 
compares magma to stiff emulsions or modeling clay; W. C. Broegger had maintained the 
high liquidity of granitic and other deep seated magmas. 

50 G. M. Schwartz: The contrast in the effect of granite and gabbro intrusions on the 
Ely greenstone. Jour. Geol., vol. 32, 1924, pp. 89-138. 
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of basaltic rocks that have been extensively chloritized by hydrothermal 
action. Granite made the greenstone over into hornblende schist, whereas 
the gabbro made it hornfels,®* hardly distinguishable from the shale 
hornfels resulting from slates. The granite did not change the compo- 
sition of the greenstone any more notably than it did that of the slates— 
there was a little dehydration and a little injection lit-par-lit. Analyses 
of the greenstone in contact with gabbro showed no change that could 
be attributed to additions from the magma, but none could be reasonably 
expected because the greenstone composition was originally almost iden- 
tical with that of the gabbro. The slates here described show that gabbro 
magmas may contribute notable amounts of material to their contact 
zones. 

Comparison of the two studies of contact action brings out two rather 
prominent points ; first, that the granite makes hornblende schists chiefly 
from basic igneous originals, but makes biotite schists chiefly from 
sediments ; second, that gabbro magma changes the minerals progressively 
from chlorite and sericite to biotite (mostly in slates), to hornblende, 
to augite and to olivine, starting from any point in that series at which 
the wall rock happens to be. If a biotite rock is altered close to a gabbro 
magma, it may be« —_’drated, whereas a basalt flow, altered at a distance 
of 200 yards from the gabbro, may be hydrated. 

It should, perhaps, be noted that slates and greenstones are commonly 
sericitic and their contact metamorphism is a process of “desericitiza- 
tion.” °* Such effects are not rare (71) but are, of course, local rather 
than regional. The rocks are also similarly “dechloritized.” ** 


ZONES AND Factes or Contact METAMORPHISM 


At many places contact action is more intense near an igneous rock 
than at a distance, and zones of alteration have been distinguished. The 
matter is complicated in most districts by the facts that zones are most 
notable in altered sediments and that the sediments are bedded with 
original beds that differed in composition. If the field occurrence is 
conclusive as to the zones and as to their concentric distribution around 
the igneous core, such zones are of great interest. On the other hand, 
where the igneous core is not known and the zones are not known to 
be related to a contact, any grouping on the basis of mineral assemblages 


51G. F. Loughlin: The gabbros and associated rocks at Preston, Conn. U. S. Geol. 
Survey Bull. 492, 1912, p. 67. Loughlin questions whether or not gabbro would change 


a basalt to hornfels. In Minnesota it does. 
52 R. E. Landon: Desericitization. Amer. Mineralogist, vol. 17, 1932, pp 449-454. 


53 G. M. Schwartz: Op. cit., pp. 104 and 116. 
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into facies of metamorphism, suggesting increasing intensity of effects, 
is to be applied only with the greatest caution. The Minnesota examples 
serve to illustrate the dangers of such assumptions. 

Granite magma may turn hornblende to biotite, whereas gabbro magma 
may turn biotite to hornblende. Is one action less intense than the other ? 
The granite magma is, no doubt, more intense than the gabbro magma 
in its power to add water, but the gabbro magma is the more intense 
in its ability to heat its walls. 

Again, in the Minnesota contact zones the mineral assemblages are 
much less closely related to distance from the intrusive than to the 
nature of the beds. A single hand specimen may show garnet in one 
zone, tourmaline in a second, and biotite in a third as the prominent 
mafic mineral. A single thin section may show three beds; one, biotitie ; 
another, chloritic; and a third, sericitic. On such a basis there is grave 
question as to the zones found in some districts.“ They are more likely 
zones of sediments than zones of differing intensity of metamorphism, 
especially if chlorite is found closer to the supposed igneous magma than 
garnet. There should not be too much optimism as to satisfactory facies 
classification of contact rocks: the factors of metamorphism are too nu- 
merous. 

Facrors or Contacr AcTION 

In explaining the contrast between granite and gabbro_ effects, 
all the factors of metamorphism should be noted. Former discussions 
of the factors of contact metamorphism have probably covered all the 
suggestions that can be derived from the present studies, but the writer 
has not found any one place where all are compiled into a full list. 

1. Temperature higher for some magmas than for others. 

2. Pressure (related to depth). 
3. Stress, or dynamic action. 
4. Magma composition. 

A. Stage of evolution as to water content and mineralizers, 

B. Stage of evolution as to feldspar. 
‘. Stage of evolution as to mafic minerals. 

D. Viscosity. 
5. Magmatic emanations, adding and dissolving constituents. 
. Size of intrusive, governing time of action. 
. Composition of rock to be altered. 

Hydration in particular. 

Differential solubility. 

Fusibility. 
8. Permeability of rock to be altered. 


~ 


5¢C, E. Tilley: Metamorphie zones in southern Highlands of Scotlend. Quart. Jour. 
Geol. Soc., vol. 81, 1925, pp. 100-112. 
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The results of these various factors include, usually, a recrystallization, 
with less often a change of composition by addition, leaching, or exchange ; 
commonly, also a convergence of various kinds of rock to some stable 
variety of schist or hornfels. The different kinds of rocks affected may 
be illustrated by slates and greenstones in Minnesota, or even by the 
alternating beds in a slate. At corresponding positions in relation to 
the invading magmas these rocks are altered under conditions that Tilley 
suggests calling “isophysical.” °° The series of stages in the alteration 
of a slate without notable change in composition, he would call “iso- 
chemical.” 

Eskola recently noted °° that staurolite might be localized in a schist 
either by certain layers of particular composition, or by the contact 
of the schist and a quartz vein; the first indicating a lack of migration, 
and the second showing definitely that there was a migration of the 
constituents of the staurolite. He wisely concludes that “a petrologist 
must not become puzzled if he meets with apparent contradictions in the 
phenomena” of complicated metamorphism. 

1. The temperatures are probably higher for gabbro than for granite 
magmas, and the differences are being more and more recognized the 
longer the two are studied. Thus, the outer zones of gabbro metamorphism 
may have reached temperatures about equal to those of the inner zones 
near granite. Possibly the larger size of granite batholiths may to some 
extent counterbalance the temperatures, but any suggestion of a lack 
of contact action by gabbro magma is probably due to the relative scarcity 
of large gabbro exposures and the lack of much economic interest rather 
than to any difference in temperature. 

2. Pressure of a hydrostatic sort no doubt has a tendency to produce 
denser minerals if any recrystallization is in progress. The several 
aluminum silicates, for example, have different densities and may be 
characteristic of different depths. There seems to be little indication that 
hydrostatic pressure has in any contact zone favored the process of recrys- 
tallization. 

3. Stress or differential pressure promotes rapid recrystallization, 
whether in a hot solid or in a system involving water solutions or melts. 
It results in schistosity. Evidently, in a broad way, granite magmas are 
much more often accompanied by stress and mountain-making than gab- 


5 C, E. Tilley: Some mineralogical transformations in crystalline schists, Mineralog. 
Mag., vol. 21, 1926, pp. 34-46. 

56 Eskola: Conditions during earliest geological times. 
vol. 36. no. 4, 1932, pp. 12, 58, and 59. 
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bro magmas. As stated by Van Hise and Leith ** for the district here 
studied, orogenic movement made the schists, where dynamic action was 
added to contact action. It seems to be added rarely, except where the 
contact action is caused by granite magmas. 

4. Magma composition affects the contact action directly when magma 
is injected lit-par-lit, but indirectly it has a variety of effects. Besides 
the above-mentioned differences in temperature and stress that seem to 
be related to composition, the stage of evolution of the magma is normally 
an approximate guide to the amount of water and the mineralizer content, 
to the kind of feldspar, and to the kind of mafic mineral that will be 
formed by reaction of the magma on minerals in contact with it. This 
has been well studied by Bowen (113). Finally, the siliceous magmas 
are more viscous than basic ones, and the hydrous magmas less viscous 
than dry magmas. Through these and other features of composition the 
viscosity may effect the stresses, rates of emanation, reaction, diffusion 
and convection. 

5. Magmatic emanations, largely water, influence the recrystallization, 
form new minerals by addition, and leach out other minerals as the 
solutions pass. 

6. The size of the intrusive determines the amount of heat in it as 
distinct from its temperature or degree of heat, and thus may be expected 
to determine roughly the size of the contact zone and the length of time 
over which the extra heat is active. Probably, if fragments are included 
in large magmas, the time is sufficient to bring all reactions to completion. 
Contact rocks outside the magma may in some wide zones fail to reach 
equilibrium with the magma. 

7. The composition of the rock affected (especially its state of hydra- 
tion) determines its fusibility and solubility, and these largely determine 
the effects of stress, temperature, and magmas and their emanations upon 
it. The water (which is believed to be a chief agent of recrystallization, 
though not strictly essential to that process) may be largely water of 
composition in such rocks as clay and slate. Ground water and mag- 
matic water, however, no doubt cooperate. 

8. The permeability of the country rock around an intrusive magma 
greatly affects the extent and intensity of the contact action. The poros- 
ity of sands and tuffs, and at high temperatures even the minute pore 
spaces in clays, permit alteration to great distances. Brecciated zones, 
cleavage, fractures, and schistosity permit the contact metamorphism 


57 Van Hise and Leith: Op. cit., p. 134. 
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to extend far beyond the zone affected by simple penetration of dense 
unfractured_ rocks. 


SUMMARY 


This paper is a study of the contact metamorphism of two slate for- 
mations by a series of large granite intrusives and by the Duluth gabbro. 
The principal points brought out are as follows: 


1. The slates are so uniform and their character so well determined 
by a study of 85 thin sections and by some 14 analyses that the changes 
produced by the intrusives can be judged with unusual accuracy. 

2. The chief minerals of the slate are fragments of quartz and various 
feldspars in a matrix of chlorite, sericite, biotite, and graphite, with a 
long list of minor accessories. 

3. Analyses show that the slates have a composition not far from that 
ot average slates—silica about 61 per cent. 

4. Two large batholiths (the Giants Range and the Vermilion) and 
several stocks intrude the Knife Lake slate. These range from biotite 
granite through hornblendic rocks to augite syenites. 

5. All the granites and syenites change the slates to biotite schists in 
zones from a few feet to several miles wide. Hornblende is present in 
only a few of the slates altered by granite and syenite, even when the 
intrusive is hornblendic. Equilibrium may not have been reached where 
a hornblendic magma, acting on a hydrous clay, dehydrated it only to form 
biotite. Lack of equilibrium is suggested also in some contact rocks by 
the occurrence of zoned feldspars. 

6. Lamination of the slate with graywacke persists in the schist until 
recrystallization is complete. 

?. The contact schist is not zoned with different mineral assemblages 
in the zones, but the most altered rock is coarsest and most likely to have 
metacrysts. 

8. Metacrysts in the biotite schists seem to depend on the compositions 
of the beds more than on intensity of contact action, but none appears 
in the less altered schists. 

9. The minerals of the schist in order of abundance are quartz, silicic 
feldspars, and biotite, with various minor accessories (figure 7). 

10. Many masses of the schist are injected by biotite granite lit-par-lit. 

11. The chemical compositions of biotite schists are so close to those 
of the original slates that there is no conclusive evidence of contribution 
from the magma except where the magma injects them lit-par-lit. Such 
injection naturally forms all gradations from schist to granite composi- 
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tions. New coarse feldspars in some schists are strongly suggestive, how- 
ever, of certain minor additions, which can hardly be detected by analyses. 

12. The literature of similar districts indicates that these results are 
in no way abnormal. Out of 63 districts, however, 51 produce schist 
and 29 hornfels, some having both hornfels and schist. Nearly all the 
slates altered by granite have prominent biotite. Inclusions of such 
rocks in a magma may become almost granitoid, whereas the same rocks 
in the walls of the intrusive become schist. 

13. The Duluth gabbro is intruded over the Knife Lake slates for 20 
miles and over the Animikie slates for 100 miles along the outcrop of its 
floor. Gradations from slates to contact rocks are well exposed. 

i4. Slates in the gabbro contact zone become hornfels (here defined 
as sugary-grained and without notable schistosity). Some mafic miner- 
als are poikiloblastic, but most of the hornfelses are entirely granoblas- 
tic. There is very little lit-par-lit injection into the slates, probably 
because they have lost their slaty structure. The hornfels texture 
is in nearly every exposure fairly sharply contrasted with the coarser 
granitoid texture of the gabbro. It is doubtful if igneous rocks have 
sugary textures except in the minor intrusions, aplitic and lamprophyric. 

15. The sequence of minerals in gabbro contacts involves, first, a 
change from sericite and chlorite to cordierite and biotite; later these 
give way to pyroxene, plagioclase, and magnetite (figure 12). Quartz is 
reduced, and feldspars are recrystallized so that they are more calcic, 
coarser and fresher, though their centers may be dusty with dark inclu- 
sions. 

16. Chemical analyses show that the contact rocks for a few feet from 
the gabbro, and nearly all the inclusions of slate-hornfels in the gabbro, 
have been notably changed, now containing more lime, magnesia, iron 
oxide, and titania, and less potash, silica, and water than the slates. 

17%. Early alteration of slates by gabbro magma to a composition like 
that of gabbro shows that very little rock except hornfels will be avail- 
able for assimilation in the gabbro. It should not be expected that 
gabbros have been notably contaminated in many places. 

18. The igneous character of an analysis of hornfels in a fragment 
included in igneous rock is not of much value as a sign of the igneous 
origin of the fragment. 

19. Some biotite schists formed by granite contact action on slates 
were later intruded by gabbro, and the schists were turned to nonschistose 
hornfelses like those formed directly from slate. 
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20. The effects of gabbros on slates in other districts are almost exactly 
the same as those noted in Minnesota. 

21. The contrast in gabbro and in granite action on slates is similar 
to that found in their action on greenstones and basalts, both in Minnesota 
and elsewhere. 

22. Hornblende schists are formed by granite action, largely from basic 
igneous or tuffaceous rocks, but biotite schists result from granite action 
on sediments. 

23. Factors of contact action are discussed to show why the effects of 
granite and gabbro are so different. 

A. The temperature of intrusion is higher and the mineralizer content 
probably lower for gabbro magma than for granite. These factors, with 
the original nature of the rock to be altered, seem to explain the minerals 
formed. 

B. The structures indicate no dynamic effects in the walls of most 
gabbros but very pronounced dynamic effects in the walls of about 75 
per cent of the granites. The obvious inference is that most granites 
are injected as “mushy” mixtures of liquid and crystals that drag their 
heated walls along so that a whole region is deformed, whereas gabbro 
may be injected as a less viscous liquid. Any internal structure in gab- 
bros is probably to be attributed to internal circulation rather than to 
intrusion. 
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SUMMARY 


The Santa Monica Mountains of southern California are far too low 
to have been glaciated, but the features of their south-facing coast are 
believed to record four epochs of sea rise and abrasional advance alternat- 
ing with three epochs of sea lowering and withdrawal during inter- 
mittent coastal upheaval ; and these seven epochs of high and low sea level 
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are interpreted as representing the last four Nonglacial Epochs (including 
the present Postglacial) and the last three Glacial Epochs of the Quater- 
nary Glacial Period. 
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Part I. ANALYSIS OF COASTAL EVOLUTION 
OUTLINE OF ARGUMENT 


Three Abrasional Platforms.—The four, east-west Santa Barbara 
Islands of southern California are aligned toward a land-bound member 
of the same series of elevations which constitutes the Santa Monica Moun- 
tains and which, with a length of 45 miles, a width of 10 or 15, and an 
axial altitude of from 1,000 to 3,000 feet, reaches inland to Los Angeles 
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(LA, Figure 3). Their western 30 miles are bordered on the south by the 
Pacific Ocean, and the strongly abraded shoreline is followed below the 
high-cliffed mountain slopes by a recently constructed section of an im- 
portant state highway, much travelled as it avoids the long grades of roads 
farther inland. The observations here reported have nearly all been made 
from the line of that highway. 

At the middle of this stretch a knob of basaltic rock, standing forth 
about two miles from the general shoreline, constitutes Point Dume (pro- 
nounced Dumé), of which an airplane view is given in the frontispiece, 
and a conventionalized diagram in Figure 21. There, protected by the 
knob, a triangular area of a belt of weak Miocene beds, measuring four 
miles along its inner piedmont border, survives the abrasion which has, 
to the east and the west, consumed nearly all that belt and discontinu- 
ously cliffed the more resistant, mountain-making rocks behind it. The 
highway crosses this triangular area over a 200-foot summit and its fresh 
cutcrops open several excellent sections which demonstrate that, before 
the present epoch of coastal abrasion and while the mountain mass stood 
somewhat lower than now, there were two earlier abrasional epochs. The 
cliff-backed platforms then produced on the Point, one now about 100 
feet, the other 200 feet above present sea level, truncate the gently in- 
clined Miocene beds. Occasional boring mollusca, as well as marine 
veneers of cobbles, gravels, and well-washed sands, all now buried under 
subaerial deposits which have been outwashed upon the platforms, attest 
the former presence of the sea. As the abrasion of the later-formed and 
lower platforms consumed more or less of the earlier-formed upper plat- 
forms, the cliff-fronted remainders of the latter may be called marine 
terraces. 

It thus appears that the Santa Monica coast has suffered abrasional 
attacks at three different levels, the lowest being that of the present shore- 
line. The two earlier-cut cliffs have been much modified by weathering, 
and their platforms have been more or less heavily covered by the just- 
mentioned outwash of detritus from the higher ground back of them. In 
view of these facts it is manifest that the coast must have experienced, 
apparently in association with upheavals of the mountain mass, several 
epochs of relative sea advance and platform abrasion, alternating with 
other epochs of relative sea withdrawal and platform emergence, all of 
moderate measure and presumably of Pleistocene date. 

Changes of sea level in the Glacial Period.—These alternations may be, 
as just suggested, in part explained by land movements, which have 
been, as far as the geological history of the mountains has been de- 
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ciphered, prevailingly elevatory; but if the alternations were wholly 
explained in that way, no account would be taken of the epochs of sea 
lowering and withdrawal alternating with epochs of sea rise and advance 
and involving sea-level changes of perhaps 200 or 300 feet, which have 
taken place in association with Pleistocene epochs of agglaciation and 
deglaciation in other parts of the world, as has lately been emphasized 
by Daly (1929).? The possibility of the successive abrasional epochs 
being related to glacial changes of sea level in association with changes 
of land level must therefore be considered. 

Be it noted, however, that it is not necessary here to demonstrate the 
actuality of such climatic changes of sea level, because, although they 
have been, as a rule, little considered in coastal studies, their universal, 
synchronous, and identical occurrence in all parts of the ocean has been 
abundantly, even if unconsciously, demonstrated by the work of glacial 
geologists in various parts of the world. What is here needed is not the 
redemonstration of the alternating changes, but the detection of their 
local records, and at the same time the discrimination of changes in the 
relative level of land and sea thus caused from similar changes due to 
crustal movements. 

It is, of course, conceivable that the lowering of sea level by the with- 
drawal of a certain volume of sea water to form the glaciers and the ice 
sheets of a glacial epoch might be neutralized by an appropriate upheaval 
of the ocean floor, the measure of such upheaval being as much greater 
than the glacial lowering of the sea surface as the area of the upheaved 
ocean floor is smaller than the entire ocean area; also, that the rise of 
sea level when the land ice melts and the ice water runs back to the ocean 
with the on-coming of a nonglacial epoch might be neutralized by an 
appropriate sinking of the ocean floor. But when it is remembered that 
the cause of glacial epochs appears to be entirely independent of crustal 
deformation, such neutralization becomes highly improbable to say the 
least. On the other hand, it is eminently possible that both the duration 
and the measure of the changes of sea level produced by glacial changes 
of climate may have been locally either increased, decreased, modified, or 
neutralized by contemporary crustal deformation on certain coasts. 

As the total number of glacial epochs which constituted the Glacial 
Period of late geologic time is unknown, some uncertainty is involved 
when a glacial epoch is spoken of as a first or a third. Hence the records 
of such epochs on the Santa Monica coast will be referred to in a back- 
counting. sequence, as the last, next-to-last, and and so on. 


2 Figures in parentheses refer to References, pp. 1116-1117. 
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The actuality of glacial changes of sea level being accepted, progress 
toward the detection and the discrimination of their records may be aided 
by remembering, first, that shifts of the shoreline caused by them must 
be, as above intimated, synchronous and identical in vertical measure 
along all the coasts of the world, while shifts due to crustal movements 
may vary in date, rate, and amount from place to place; second, that the 
two kinds of shoreline shifts are independent of each other and may be 
combined in any manner; third, that, in general, a rising sea is a more 
vigorous and aggressive agent of abrasion than a lowering sea, and hence 
that epochs of deglaciation are likely to be recorded on mountainous 
coasts by well developed platforms of abrasion backed by high cliffs; 
fourth, that a slow crustal upheaval will diminish the abrasional work of 
a contemporaneous rise of the sea, while a slow crustal subsidence will 
increase such work; and fifth, that successive platforms of abrasion will 
be more readily discovered if their coast suffers small movements of 
upheaval between the times of their production. 

With these principles in mind it has seemed possible to associate the 
three local records of abrasional advance of the sea on the Santa Monica 
coast with the on-coming of three nonglacial epochs—that is, with times 
of deglaciation—and to associate the two intermediate records of sea with- 
drawal with the on-coming of two glacial epochs—that is, with times of 
agglaciation—; also, to detect a coastal upheaval of about 100 feet during 
the first of these glacial epochs; and another upheaval, which increases 
from small measures near the west end of the mountains to 300 feet or 
more near their eastern end, during the second. In other words, the 
coastal records of nonglacial epochs are found in abraded platforms backed 
by cliffs, and those of glacial epochs in subaerial detrital deposits out- 
washed upon the abraded platforms during their emergence. 

But with continued study of the coast, especially of those features 
which have been developed since the second abrasional epoch, a modifica- 
tion of the above conclusions has become necessary. The volume of 
detritus outwashed upon the second platform and the volume of coastal 
material removed in the production of the third are both so great that 
it seems reasonable to introduce an additional pair of sea-level changes 
between the second and the third abrasional epochs above recognized ; 
and also to assume that the failure of abrasion during the added epoch of 
rising sea level to record itself in an additional platform is because, in 
the absence of any significant land upheaval during the added epoch of 
sea withdrawal, the last two abrasional epochs resulted in producing only 
one platform. 
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Hence, as thus interpreted, three glacial epochs have been here repre- 
sented by three epochs of relatively low sea level, while four nonglacial 
epochs have been represented by as many epochs of relatively high sea 
level.* 

It should be noted, however, that the usual subdivision of the Glacial 
Period into glacial and nonglacial epochs of cooler and warmer climate 
(G and N, Figure 1), is not so satisfactory in this study as its subdivision 
into agglacial and deglacial epochs of cooling and warming climate (A 


FIGURE 1,-—Nonglacial and Glacial Ficure 2.—Deglacial and Agglacial 
Epochs Epochs 


and D, Figure 2), would be. Hence, when the more familiar terms, 
glacial and nonglacial, are used on the following pages, the less familiar 
terms, agglacial and deglacial, should usually be understood. 

Further reasons for the revised conclusions presented above will be 
given on later pages, but it may be noted at once that the short duration’ 
of the last glacial epoch in the Sierra Nevada as described by Blackwelder 
(1931) supports them. The last two advances of the sea, together with 
the intervening withdrawal, will usually be treated as occupying a single 
time epoch, corresponding to the single platform of abrasion then 
produced. 

It may, perhaps, be questioned whether it is desirable to use such terms 
as glacial and nonglacial epochs in the description of a mountainous 
coast that has never been glaciated. The answer to this question is that, 
as those divisions of geologic time have been well established for the Alps, 
northwestern Europe, and northeastern America, the general names there 
adopted for them may well serve for the same time divisions all over the 
world, in whatever way they may be locally characterized. The case is 
analogous with that of the Carboniferous Period, a name which was first 
introduced to designate a time division in a region where coal beds were 
forming, and which was later extended to designate contemporaneous 
time divisions elsewhere, whether they were characterized by the forma- 

3 Much to my regret an erroneous report of my conclusions, as they were presented 
before a meeting of the Sigma Xi at the California Institute of Technology in November, 


1932, has been published in the Science News supplement to Science for March 10, 1933, 
for which I hereby disclaim all responsibility. 
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\ 
N™ == | \ afl 
G/ PA\ A 


1048 Ww. M. DAVIS—SANTA MONICA MOUNTAINS, CALIFORNIA 


tion of coal beds or not. Much the same may be said of the Cretaceous 
Period. But besides this, an advantage follows the use of the terms, 
glacial and nonglacial epochs, in the present connection, for attention 
is thereby drawn to a neglected phase of coastal study. 

But let it be clearly understood that, while the Santa Monica Moun- 
tains are believed to show records of several glacial epochs along their 
coast, they show nothing whatever of glacial action on their higher parts. 
They are far too low for that. The nearest evidence of actual glaciation 
is found in certain cirque-like forms described by Miller (1926) at an 
altitude of about 5000 feet in the San Gabriel Range, 40 miles to the 
east ; and at an altitude of about 10,000 feet in the loftier San Bernardino 
Mountains, 20 miles to the east, as described by Fairbanks and Carey 
(1910). 

Correlation of marine terraces and glacial epochs.—The present sea 
floor has a cliffed shore practically all along the Santa Monica Coast ; 
and in the eastern part of the coast, which is adjoined by Santa Monica 
Bay, the shore cliffs have heights up to 200 feet or more. It may be 
inferred from this that the Bay floor is a platform of abrasion, more or 
less cloaked with marine deposits, and that the excavation of the Bay 
was an immense piece of abrasional work. The excavation may therefore 
be ascribed to the work of the rising sea during deglaciation: and, for 
reasons above briefly stated, the last two epochs of deglaciation are 
assigned to this work. 

The coast into which this Postglacial platform has been excavated was 
an uptilted piedmont platform of earlier abrasion, rather heavily covered 
with subaerial detritus which must have been outwashed upon it after 
the retreat of the sea which had abraded it and before the time of its 
up-tilting. That retreat is therefore ascribed to the lowering of the sea 
while a following glacial epoch was coming on; and the advance of the 
sea which had previously accomplished the abrasion is ascribed to the 
preceding epoch of deglaciation ; and so on as far back as the record goes. 

The uplift which placed the tilted platform in the position which it 
held while the bay was excavated in it took place near the climax of the 
next-to-last Glacial Epoch and at a rate very much more rapid than 
the following rise of sea level. The evidence on which these and other 
conclusions are based will be fully presented in Part IT. 


SUBMARINE MOCK VALLEYS 


It may be briefly added that the present sea floor, the product of the 
latest abrasional attack along the mountainous coast and of the associated 
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deposition of detritus on the resulting platform, is interrupted by several 
of the so-called “submarine valleys” which occur repeatedly along the 
Californian coast, and which have been interpreted by some geologists 
as the work of stream erosion during a time of sea-floor emergence. But 
in view of the above outline of coastal history these sea-floor features 
should not be ascribed to stream erosion during a recent epoch of emer- 
gence, for it may be shown that, although some such erosion then took 
place, its effects have been subsequently masked by marine deposition. 
These “mock valleys,” as I proposed to call them, should therefore be 
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Ficure 3.—Outline Map of the Santa Monica Mountains 


(O) Oxnard; (H) Hueneme; (StaM) Santa Monica; (V) Venice; (BH) Beverly Hil!s; 
(LB) La Brea; (Hd) Hollywood; (LA) Los Angeles. 


ascribed to the scouring action of marine agencies during the recent 
rise and advance of the sea when the present cliffs were cut back. This 
topic will be treated elsewhere in a special article. 


LOCATION AND SURROUNDINGS 


The Santa Monica Mountains lie to the west of Los Angeles (LA, 
Figure 3), and constitute a land-bound member of an east-west range of 
elevations, the others of which stand as islands off the Santa Barbara 
coast of southern California, and which all together make one of the 
system of east-west ranges by which much of that part of the state is so 
well characterized. The mountain mass is composed, according to Hoots 
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(1930), of Mesozoic and Cenozoic formations including some volcanic 
rocks, all strongly deformed in mid-Miocene time and greatly eroded. 
Later upheavals gave the mass its present extension of 45 miles east-west 
and 10 or 15 miles north-south, with altitudes of from 1000 to 3000 feet. 
Along most of the southern, fairly rectilinear side, lie the narrowed re- 
mains of a relatively down-faulted belt of weak and moderately deformed 
upper Miocene beds. 

The coast along the western 30 miles of the mountains’ length and 
the adjoining sea floor are shown on Coast Survey Chart 5202. The 
mountains are included in the Hueneme, Triunfo Pass, Calabasas, 
and Santa Monica sheets, 1:62,000, of the United States Topographic 
Map, the quadrangles of which, together with that of Redondo on the 
southeast, are initialed in their northeast corners on Figure 3. Later 
surveys of Los Angeles County represent the coast as far west as Point 
Dume on a larger scale, 1:24,000, with 5-foot contours for the lower 
levels. In spite of these aids, many measures of distance and of altitude 
given in the following pages are only approximate. The open Bay of 
Santa Monica has a tide range of from four to six feet. 

The coast is divisible into seven sub-equal segments, each about five 
miles in length, by the series of creeks named on Figure 3. The locali- 
. ties mentioned below will be located in terms of these creeks and seg- 
ments. It is the segment between Trancas and Latigo creeks which 
advances in the low triangular salient of weak Miocene beds to the rock- 
defended apex of Point Dume, and this salient is the most instructive 
part of the coast as far as the occurrence of former sea-floor platforms 
is concerned; part of the Sycamore-Siquis segment, farther west ranks 
next.* 

Along the easternmost 15 miles of the mountains their southern flank 
is adjoined by a south-sloping and dissected plain—the Monica plain— 
of subaerial detritus outwashed from their valleys; it has altitudes of 
from 500 to 700 feet along the mountain base and descends nearly to sea 
level in about five miles. The coastal city of Santa Monica (Sta M, 
Figure 3) stands near the northwestern corner of the plain, where it is 
eut back in sea cliffs (Plate 47, A and B). This area is well shown in 
an airplane view (Plate 32) in Hoots’ report. 


*The creek here called Sycamore is named Big Sycamore on the map of its district. 
Siquis Creek, so named on the highway bridge which crosses it, is given as Siquit on 
the same map; it is derived from “Cafiada de Isiqui’ of earlier times. Point Dume is 
said to have been named by Vancouver on November 24, 1793, in honor of the Franciscan 
monk, Francisco Dumetz, on his vessel, the San Buenaventura; the name was soon 
shortened to its present form. 
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The western end of the mountains is adjoined on the northwest by a 
low alluvial plain, which may be named after its chief town, Oxnard (0, 
Figure 3), an agricultural center four miles inland. Its frontal breadth 
on the sea measures nearly 20 miles, and its inland reach, 10 or 15 miles. 
Its beached shore has two well-defined insets, at each of which a north- 
western stretch stands nearly a mile seaward of a southeastern stretch ; 
thus indicating that the dominating long-shore current and the prevailing 
wave advance, as controlled by the dominant winds, are to the southeast. 
The plain appears to mark the eastern end of a broad belt of subsidence, 
represented farther west by the relatively deep channel between the Santa 
Barbara Islands and the mainland. 


TERMINOLOGY OF THE ABRADED PLATFORMS 


The earliest abraded and highest uplifted of the three abraded plat- 
forms seen on Point Dume, as well as its cliffs, its cliff-base shoreline, 
the abrasional epoch of its production, and the detrital cover later out- 
washed upon it during its emergence, may all be named Malibu, after a 
large coastal estate. Because of later modifications by marine and sub- 
aerial agencies, this platform and its cliffs are the least manifest of the 
three abrasional records. It has been safely identified only in the salient 
triangle of Point Dume, where the altitude of its cliff-base shoreline is 
about 200 feet; but its platform is there so well exhibited that there 
can be no question of its original prolongation east and west along the 
coast of its time. It is a case of “Hx pede, Herculem.” Its time of pro- 
duction is believed to be the oncoming of the second-from-last Non- 
glacial Epoch. 

Inasmuch as the second platform on Point Dume is about 100 feet 
lower than the first, an uplift of about that amount must have taken place 
during the glacial lowering of sea level between the two epochs of rising 
sea and platform abrasion; but the uplift need not have been precisely 
of the same measure as the difference of altitude between the two plat- 
forms, because part of that difference may be due to a difference of sea 
level resulting from an unlikeness of climate in the two nonglacial epochs. 

The second platform, its cliffs, shoreline, abrasional epoch, and detrital 
cover may be named Dume, after the Point where it is so well developed 
and where it now stands at altitudes of from 40 to 130 feet. Its time 
of production is believed to be the oncoming of the next-to-last Non- 
glacial Epoch. When this platform is followed westward, its inner or 
shoreline angle gradually slants down to an altitude of about 25 feet, 
which it maintains for some 10 miles before it sinks below sea level at 
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the west end of the mountains; but when followed eastward it rises some- 
what irregularly until its shoreline has altitudes of 200 or 300 feet. 
Hence, after its abrasion the mountains must have been unevenly up- 
lifted; and the previously abraded and uplifted Malibu platform must 
then have been uplifted a second time. 

The third, or present, sea-floor platform, which with its cliffs and its 
epoch may be named Monic, has been cut back two or three miles at least 
along the eastern part of the coast, where, although the post-Dume uplift 
was greatest, the rocks were relatively weak. It must therefore be be- 
lieved that the uplift preceded the abrasion. The Monic cliffs may be 
profitably studied as now exhibiting the progress of wave work similar 
to that accomplished during the production of the earlier platforms. But 
as above explained, this great abrasional work appears to have been 
accomplished during two epochs of rising sea level, the first being the 
oncoming of the last Nonglacial Epoch, and the second that of the pres- 
ent or Postglacial Epoch. No definite record of the intermediate or last 
Glacial Epoch has been found. This obscure phase of the problem will be 
referred to again later. 

In contrast to the several epochs of rising sea and abrasional attack 
on the coast, the two inter-abrasional epochs were, under the interpre- 
tation of the facts here adopted, characterized by a lowering of the sea 
and a withdrawal of the shoreline; that is, by the oncoming of glacial 
epochs. These epochs of lowering sea level must have had a considerable 
duration in view of the large measure of depositional work then accom- 
plished on the emerged platforms. The duration of the epochs of rising 
sea level may also be inferred to have been fairly long, in view of the 
considerable measures of abrasional work then accomplished. All this 
will be shown more fully below. 

The cliffs of the present, or Monic, abrasional epoch are continuously 
visible all along the mountainous coast. The occurrence of an abraded 
platform slanting seaward from the cliff base and more or less covered 
by marine deposits may therefore be safely inferred. The cliffs of the 
earlier abrasional epochs are much less visible, by reason of the changes 
that have taken place since their production. Indeed, all that is here 
said about the Malibu platform and cliffs, as well as most of what is 
said about the Dume platform and cliffs is, like geological statements 
in general, chiefly the result of inferences based on observation ‘rather 
than of observation alone. In order to make clear the nature of the 
inferences that have been employed in reconstructing the earlier shore- 
line features and at the same time to develop a terminology in which 
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those features may be concisely stated, several following paragraphs will 
be devoted to an outline, much condensed compared to the far fuller 
treatment of shoreline problems by Johnson (1919), of certain shoreline 
processes and forms relevant to the coast of the Santa Monica Mountains. 


RETREATING HEADLANDS AND PROGRADED BIGHTS 


The cliffs of the coast today give repeated illustration of the irregular 
retreat of a maturely abraded shoreline because of its varying resistance. 
Under the interpretation given above, much of the retreat would seem 
to have been due to abrasion which took place in the rising sea of Post- 
glacial time, rather than in a sea of constant level; yet according to 
Johnson's studies in Boston Harbor and elsewhere, the Postglacial sea 
has, since its rise was completed, maintained essentially its present level 
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FIGURE 4.—Retreating Headlands and Prograding Bights 


long enough to accomplish a very considerable work, and that interpre- 
tation is therefore here adopted. 

While an abrasional retreat of a shore is in progress, the gravels and 
sands of its beaches will be lifted and reworked in every strong storm; 
they will thus suffer a loss of their finest detritus, which is carried away 
to be deposited in quieter water farther from the shore, but the loss will 
be made good by a gain of new detritus from the shore cliffs, back against 
which the beaches will be relaid. On the other hand, a lowering sea 
will leave its beaches as it withdraws from them; they will remain as 
a veneer on the emerging rock platform. 

During an abrasional rise of sea level, the more resistant rocks which 
stand forth in bold headlands, will slowly retreat; the weaker rocks, more 
rapidly excavated, will retire in entrant bights between the headlands. 
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The production of these features involves an increasing sinuosity of shore- 
line pattern for a time ; but as long-shore shift of detritus is better devel- 
oped, it may, after first checking the excavation of the bights, then cause 
the abrasional attack upon them to cease and thereafter compel their 
progradation by broadening their beaches. Thereupon, the headlands 
still retreating, the shoreline pattern will become less sinuous. This 
stage of development is abundantly illustrated along the present, or 
Moniec, coast. At a still later stage the entire coast retreats. Inasmuch 
as the strongest wave attack comes under southwest winds, the beach 
drift in the bights is eastward; hence the inturning shoreline of a head- 
land at the west end of a bight is left rocky and ragged, and the beach 
there beginning is narrow, as in Figure 4; but it broadens eastward into 
a strandplain, and its far end laps upon the outturn of the headland 
where the bight ends. 


STREAM TRENCHES IN EMERGED PLATFORMS 


The abrasional production of a cliff-backed platform by wave action 
along a mountainous coast on which the sea is slowly rising during the 
transition from a glacial to a nonglacial epoch is only a special case 
of the general abrasional problem, long ago outlined by Ramsay in 1849 
and later by von Richthofen. It need not be re-stated here. But if, 
after a platform of good breadth and cliffs of good height have been 
produced, the land rises or the sea sinks or both so that the shoreline 
withdraws (Figure 5, A, Block 1, to C, Block 2), the features of the 
resulting coastal plain, as the emerging platform with its veneer of 
marine detritus may then be called, deserve careful description. We 
may here consider particularly the emergence of a platform in conse- 
quence of a glacial lowering of sea level. 

First to be noted is the erosion of trenches along the extended courses 
of the larger mountain streams, as well as the associated deepening of 
the mountain valleys; this being a phase of coastal-plain history which 
is everywhere recognized. The trenches will soon be cut through the 
thin marine veneer into the underlying rock platform near the inner 
margin of the plain, and their streams then and there become super- 
posed; but farther forward, where the marine deposits are thicker and 
the trenches are not so deep, the rock floor will not be disclosed. In 
the meantime, the smaller streams, unable to carry all their load of 
detritus across the plain, will lay down some of it and thus build fans 
(Figure 5, Blocks 2 and 3) forward from the mouths of their mountain 
valleys, as will be further told below. 
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When the Glacial Epoch of sea lowering ends and the sea begins to 
rise again, a new platform, then abraded somewhat below the earlier 
platform, may have so great a landward acclivity that it will not undercut 
the deeper trench beds eroded in the earlier platform. They will then 
be filled by detritus, but the fact they were cut below the surface of 
the new platform will be shown if they are aggraded with alluvium 
back of the new cliff. 


CLIFF-FED COVERS ON EMERGED PLATFORMS 


While a platform is in process of abrasion, the water-worn detritus 
delivered to the waves by the mountain streams, the scrappy, angular 
detritus weathered from its cliffs, and the finer detritus washed down from 


FIGURE 5.—Development and Abrasion of a Detrital Cover on an Emerged Marine 
Platform 


the mountain slopes above the cliffs, are efficiently removed by the cliff- 
base waves. But after emergence of the platform begins to transform it 
into a narrow, infantile coastal plain, the cliff-fed detritus will accumulate 
_ upon and cover the inner part of the plain, in association with the fans of 

the smaller streams, as shown in Blocks 2 and 3, Figure 5. This is a 
phase of coastal-plain history which has been little considered, perhaps 
because most coastal plains are not backed by high cliffs; and as a result 
of such lack of consideration the covering of subaerial deposits thus formed 
along cliffed coasts after their emergence has received no special name. 
Its layers, talus-like at first, will be coarse and steep-slanting near their 
source, finer and nearly level at their feather-edge, frontal margin, which 
~ will ordinarily fall short of the end of stream-built fans. 
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These subaerial deposits, containing land fossils if any, will bury the 
beaches and the veneer of sea-laid detritus with its marine fossils that are 
left on the emerging platform by the withdrawing sea. The growing 
cover thus formed may mount upon the weathering cliff faces in consid- 
erable volume and may there be much thicker than the heads of the lower 
and farther-forward-reaching, stream-built fans. The cliffs will at the 
same time lose their original steepness, especially in their uncovered upper 
parts which will wear back to less and less declivity. 

The thickness attained by the inner and steeper part of the platform 
cover will depend on the original height of the cliffs and on the area and 
the steepness of the mountain slopes that slant down to the cliff crests; 
also on the breadth of the emerged platform and the time allowed for 
cover growth before its advancing front is attacked by a return of the 
abrading sea. 

ABRASION OF A DETRITUS-COVERED PLATFORM: 

When the lowering withdrawal of the sea is reversed into a rising ad- 
vance, a new platform will be abraded below the earlier one; the better, if 
an upheaval of the land mass takes place during the withdrawal. As the 
emerged platform and its cover are thus cut back with a cliffed front 
(Figure 5, Block 3), so much of them as survives may be called a marine 
terrace. When the frontal cliff has retreated sufficiently, the rock floor of 
the platform can be seen beneath the cover; and the shore should then, 
following Clapp (1913), be called contraposed, just as the streams of the 
coastal-plain trenches should, following Powell, be called super (im)- 
posed. Thereafter, the growing cliffs will be composite, in the sense of 
showing a steep lower face of rock and a less steep upper face of imperfectly 
indurated detritus, the two faces being perhaps separated by a veneer of 
sea-laid cobbles, gravels, and sands possibly containing marine fossils. At 
this stage the small streams, previously engaged in building up fans, will 
find their baselevel driven in, as it were, under their courses, and will, 
therefore, cut into their fans; they may even incise a trench in the under- 
lying rock platform, as in Blocks 3 and 4. 

Still later, when the new-cut, composite cliff is pushed back nearly as 
far as its predecessor, whatever part then remains of the cover will be 
actively gulched (Block 4). A time may come when all the earlier wave- 
cut platform is consumed and the new cliffs are cut a little back into the 
base of the earlier cliffs so that only a small cover-head remains, clinging 
to the back-weathered face of the earlier cut cliff, as in Figure 12. It 
should be noted that the moderate slope then seen near the top of the 
earlier cliff, back of the clinging cover head, does not mean that the whole 


a 
a 
> 
= 
lage 


ANALYSIS OF COASTAL EVOLUTION 1057 


face of that cliff was of moderate slope when its base was abandoned by 
the sea. It may then have been as steep as the present new-cut cliff; its 
change to less steepness will have been caused by weathering while the 
cover was growing up from its base at its expense. 

It is important to recognize that the altitude to which an emerged plat- 
form has been raised since its abrasional broadening ceased must be meas- 
ured at its inner border, where it abuts against its cliff, this important 
principle having been clearly stated by Lawson 40 years ago (1893, 127) 
and lately re-emphasized by Johnson (1932). For this reason the altitude 
of a platform, as seen in section in a composite cliff, must receive two cor- 
rections before it will give a true measure of any upheaval that the plat- 
form has suffered since it was abraded. The first correction is the 
difference of altitude between the part of the platform seen in section in 
the composite cliff face and the cliff-base shoreline of its inner margin, 
now concealed under the platform cover; this correction is always addi- 
tive: it is a function of the distance of the face of the new composite cliff 
forward from the base of the earlier abraded cliff, and of the slope of 
the buried platform which is usually a little concave near its cliff base. 
Soundings given on detailed Coast Survey charts do not give the desired 
correction, because it is not the depth of the sea floor but of the rock plat- 
form buried under the shore-derived sediments of the sea floor that is 
wanted. The corrections rather arbitrarily adopted are: for one mile, 
130 feet ; three-quarter mile, 110 feet; half mile, 85 feet ; quarter mile, 50 
feet. These corrections are increased from 25-to 33 per cent east of Point 
Dume, in order to take account of the greater slope of the platform there 
resulting from the post-Dume uplift of the coast. While not exact, they 
are at least consistent. 

The second correction is the difference between the present level of the 
sea and the level that it had when it withdrew from the now-covered inner 
margin of the upheaved platform; this correction depends on whether 
more sea water is now stored up in land ice than was so stored at the 
climax of the last Nonglacial Epoch. In view of the apparently well 
grounded belief that the nonglacial epochs were warmer than the present 
Postglacial Epoch, this correction will usually be negative. Its value may 
be 10 or 20 feet. 

After.a-clinging cover-head is completely destroyed, the new cliff loses 
its composite character, and all traces of the existence of an earlier 
abraded platform are there lost. The cliff usually continues to gain height 
as it is pushed back farther and farther into the mountain slope. Excep- 
tion to this rule is, however, found where the new cliff is pushed back of 
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the crest of a mountain spur; for then the retreating cliff will be of de- 
creasing height. Only two examples of this kind are found on our coast. 

The penultimate stage of cliff retreat, in which small cover-heads sur- 
vive, is of importance in the present connection because, being occasionally 
represented on the Santa Monica coast, it is helpful in tracing the history 
of recent changes of land and of sea level. It may seem venturesome to 
infer an episode of sea lowering and withdrawal, with associated platform 
emergence and aggradation between two episodes of sea rise and platform 
abrasion, on evidence no more manifestly compelling than small cover 
head remnants, like the one shown in Figure 12; yet if such remnants are 
found on a cliffed mountainous coast, it would be negligent not to follow 
out all inferences to which they may reasonably lead; and in the writer’s 
opinion the only safe inference to which they so lead on the Santa Monica 
coast is the apparently venturesome one above stated; for such small 
remnant heads of large-volume covers are believed to be explainable on 
this coast only by the sequence of changes that has been outlined. Some 
explanatory comments may be here introduced. 


DIVERS CAUSES OF PLATFORM AGGRADATION 


The mere outward shift of a beached shoreline, whereby its open-water 
waves abandon the cliff base which they were previously abrading, will 
suffice to cause the accumulation of detritus over the cliff-base platform 
without any lowering of sea level. Hence, if after a later time of abrasion, 
the heads of covers thus formed were found, they could not be properly 
interpreted as implying glacially controlled changes of sea level. The 
possibility of cover production on a shore of unchanging sea level must, 
therefore, be considered. It may take place in two ways: First, recall the 
early stage of abrasion above described, in which bights are excavated in 
bodies of weaker rock between headlands of more resistant rock, while 
long-shore shift of beach drift is imperfectly developed; and let this stage 
be followed by the next, in which beach drift is better developed and the 
bights come to be occupied by prograded beaches or strandplains (Figure 
4). Detritus will then accumulate at the wave-abandoned base of the. 
bight cliffs and advance upon the strandplain. The detritus will be of 
sub-angular form and imperfect stratification where it creeps and washes 
down on the sands from the abandoned cliffs and the mountain slopes 
above them; its surface will be steep near its source and more gently 
slanting farther forward. The detritus will be better rounded, though 
still imperfectly stratified, where it is outspread by small wet-weather 
streams in fans of lower gradient. 
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Three excellent examples of prograded strandplains in abraded bights 
of this kind occur on the Santa Monica coast; but they are of such recent 
formation that little detrital cover has advanced upon them from the 
feeding cliffs. One is in a bight, here called the Sand-dune Bight, next 
west of Sycamore Creek; the second lies along the west side of Point 
Dume; the third occupies a bight, here called the Pottery Bight, next east 
of Malibu Creek. All three will be described in Part III. It will then 
appear that the detrital deposits thus originating in front of the aban- 
doned cliffs of the bights are of small volume compared to the heavy 
headed and far-forward-reaching platform cover, of which only the cliffed 
residuals now survive on the cut-back Dume platform. If a comparable 
cover were formed on a strandplain, the plain would have to be at least 
half a mile wide; and it is extremely unlikely that so great a measure of 
progradation ever took place on this coast in Dume or in Malibu time. 

Second, consider the development of beaches, built off shore as in Fig- 
ure 9, after a fairly well advanced stage of cliff recession has been reached, 
but without any change of sea level. While the lagoon behind the beach 
is filling with salt marsh, it will also be encroached upon by detritus from 
the shore cliffs. In this case the detritus will come to lie upon the marsh 
muds. An example of this kind occurs at the western extremity of the 
Santa Monica Mountains, but here again the volume of cliff-base detritus 
is small compared to that on the Dume platform. Another example is 
seen at the mouth of Malibu Creek; but the creek there prevents the 
accumulation of detritus. Moreover, there seems no possibility that any 
beaches could have been formed far enough off shore in Dume or in 
Malibu time to permit the accumulation of heavy platform covers behind 
them. The Dume cover in particular is remarkably heavy; it must meas- 
ure 100 feet in thickness at its head between Sycamore and Siquis creeks, 
as may be inferred from Figure 19. So great a thickness implies a for- 
ward reach of half a mile or more for its feather-edge outer margin, and 
there is no reason whatever for supposing that a beach then existed half 
a mile or more to the seaward of the shore cliffs ; indeed, there is no indi- 
cation that any beach spit whatever was formed there. 

It is possible, however, that in Malibu time, when the mountains stood 
decidedly lower than now and the shoreline extended eastward along their 
flanks past Santa Monica to Hollywood (Hd, Figure 3)—as was probably 
the case before the piedmont detrital cover of the part of the Dume plat- 
form which now forms the Monica plain had been built during the post- 
Dume emergence—a long east-growing spit was built, somewhat as 
Tangier Smith has suggested (1900), into what may be called Los Angeles 
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Bay, and much subaerial detritus may have been accumulated behind such 
a spit. This possibility will be further considered near the end of Part 
III, but it is irrelevant to the present discussion. 

Third, it may now be further explained that the accumulation of a heavy 
subaerial cover on a slightly elevated platform cannot be adequately ac- 
counted for simply as a consequence of a slight elevation. For ex- 
ample, if a broadly abraded, cliff-backed platform (Figure 6, Block 1) is 
slightly elevated (Block 2) so that the shoreline withdraws but little, 
nothing more than a small detrital cover (Block 3) of short forward reach 
can be formed on it. If a heavy cover is found, now more or less cutback 
by a later-abraded platform in a composite cliff (Block 6), an emergence 
of the first-abraded platform to a greater breadth (Block 4) than can 


Figure 6.—Development of small and of large Platform Covers 


be caused by a slight elevation is demanded. Such additional emergence 
may be explained by a greater elevation, followed after the accumulation 
of the cover by a partial subsidence; but in that explanation no account 
is taken of glacial changes of sea level. Inasmuch as such changes have 
unquestionably taken place, and at about the same geologic dates as those 
of the accumulation and abrasion of the platform-cover in question, their 
recognition will dispense with assuming movements of the land, except 
for a slight upheaval in case the earlier platform now stands somewhat 
above the later, or present, platform. 

Let it, however, be recalled that, in view of the generally accepted lower 
temperature of the present Postglacial Epoch than that of the last Non- 
glacial Epoch, part of the altitude—perhaps 10 or 20 feet, more or less—at 
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which a platform of late nonglacial abrasion now stands above present 
sea level may be due to the failure of the present ocean to rise to the 
level it had when the earlier platform was cut. In such a case only the 
excess of earlier-platform altitude over that failure to rise need be ascribed 
to actual upheaval of the coast. Whatever upheaval is thus found neces- 
sary should be dated after the abrasion of the earlier platform had been 
completed and before the abrasion of the composite cliff now in process 
of retreat at the inner border of the present platform. 


DECREASING SINUOSITY OF SUCCESSIVE SHORELINES 


Imagine a cliffed coast that has been worn back in hard-rock headlands 
and weak-rock bights by a rising sea, so that it has a pronouncedly sinuous 
pattern. Let the sea then withdraw in consequence of a Glacial lowering 
of sea level. After a heavy cover of subaerial detritus has accumulated on 


FiGure 7.—Composite Cliff in a Bight between the simple Cliffs of two Headlands 


the emerged platform, let the sea rise again with the on-coming of a non- 
glacial epoch and cut back the coast a second time, but in a less sinuous 
pattern and at a slightly lower level than before because of a small up- 
heaval of the coast during the time of the sea withdrawal. The new cliffs 
will then have steep and simple rock faces around the headlands (Figure 
7), but they will be composite and less steep in the bights. Hence, as 
one follows the shore from the simple cliff of one headland eastward along 
the composite cliff of the bight to the simple cliff of the next headland, 
the earlier abraded cliff with a shoreline angle at its base should be found 
in an entrance section (EL) and an exit section (TL). If a short 
ravine be cut in the face of the composite cliff between those sections, it 
may lay bare part of the earlier cliff back of its cover head; or if the 
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ravine be longer, its walls may show a V-like section of the earlier cliff. 
The altitude of the shoreline angle thus revealed will, as pointed out above, 
give the true difference of sea level between the culminating stages of the 
earlier and the present abrasional epochs. If this difference be small and 
constant in successive bights along several miles of coast, it may be plau- 
sibly ascribed to a difference of climate between the two epochs of abrasion 
there represented. But if the difference be large and variable along the 
coast, it must be ascribed almost wholly to coastal deformation between 
the two epochs. 
ROCK-DEFENDED CUSPS 


It may well happen that the fairly regular retreat of a cliff in a belt of 
weak rocks is locally detained for a time where an isolated ledge of re- 
sistant rock is encountered. Several successive stages in the development 
of a salient thus caused are represented in Figure 8. They may be de- 


FiGuRE 8.—Successive Stages in the Retreat of a Cuspate Coast 


scribed as faint, strong, peninsular, shrinking, reduced, and vanishing. 

The successive abrasional attacks on Point Dume at the Malibu, the 
Dume, and the Monic levels produced salients of this kind in the reduced, 
shrinking, and strong stages of their development. 


EFFECTS OF SLOW AND OF VARYING COASTAL MOVEMENTS 


The arbitrary assumption of rapid and uniform changes of land level 
alternating with prolonged stillstands, with which a discussion of coastal 
forms may be conveniently opened, should be relaxed and varied in order 
that several less rigorous assumptions may receive attention. If a still- 
stand be replaced by a slow submergence, the energy of the waves will, as 
already noted, be continually re-invigorated. Under such conditions the 
wave-cut platform will have a steeper seaward slant than a platform cut 


51 have elsewhere proposed the term cobark, made up like cabal and Anzac from the 
initials of its defining words, “cut-out-behind-a-rock-knob,” for the shrinking, reduced, 
and vanishing stages of this class of forms, but it has not been well received. 
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without the aid of submergence, and the detritus that is laid upon it will 
not be merely a thin and shifting veneer, but a sedentary wedge of sedi- 
ments, thickening into an exterior embankment. 

If gentle tilting of a coast takes place on an axis at right angles to the 
shoreline, a gradual change from features of submergence to those of 
emergence will be discovered as the axis of tilting is passed. I have de- 
scribed a shoreline of this kind along the beautiful Riviera di Levante 
between Genoa and Spezia in northwestern Italy. 

In our problem, inasmuch as the post-Dume upheaval which the Santa 
Monica Mountains have suffered decreases from over 200 feet at the east- 
ern end of their coast to zero near the western end and is there reversed 
into a depression, an axis of faint tilting may be inferred to run north- 
south near their western end; and as the mountains are followed on the 
northwest by the low and smooth Oxnard plain, the effect of down-tilting 
there must have been to decrease the seaward extent of the plain by sub- 
merging its outer border. The down-tilting appears to have continued 
inland along the northern side of the range, and perhaps to have increased 
on that side over its measure on the southern side, for the mountain val- 
leys there are embayed by the plain. 


Part IT. History or THE Santa Monica Coast 
PRE-MALIBU ABRASIONAL EPOCHS 


Four or five Glacial Epochs have been recognized in strongly glaciated 
regions, the earliest usually being represented by the largest ice sheet, the 
records of which are greatly obliterated by erosion where they are not con- 
cealed by burial. It is, therefore, quite possible, if not probable, that sev- 
eral still earlier epochs of less extensive glaciation, of which no records 
have been found, preceded the earliest recorded epoch. As only the latest 
four nonglacial epochs (including the Present, or Postglacial, Epoch) 
and the three associated glacial epochs have been identified by their abra- 
sional and depositional records on the rising Santa Monica coast, it is 
not improbable that other earlier records of the same kind, which should 
now stand at higher levels, have been obliterated. Traces of some of them 
may, however, yet be discovered by minute examination of the mountain 
slopes at favorable localities, where remnants of detrital platform-covers, 
burying veneers of well rounded cobbles and gravels on evenly abraded 
rock floors, may survive. The shoreline angle between such platforms 
and their cliffs will represent the climax of a nonglacial epoch, with mild 
climate and highest sea level; while the original full volumes of the almost 
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vanished cover-heads now preserved in the shoreline angles would rather 
closely represent the climax of a glacial epoch, with colder climate and 
lowest sea level. Hence, instead of dividing the history of our coast into 
nonglacial and glacial epochs, the dates of separation between which would 
be those of either rising or falling mean sea level, the history should be 
treated, as above intimated, as made up of epochs of rising sea level and 
platform abrasion alternating with epochs of lowering sea level with plat- 
form emergence and burial; made up, in other words, of epochs char- 
acterized by the passing off and the coming on of glacial epochs; tliat is, 
by the deglaciation and agglaciation of glaciated areas. 


MALIBU PLATFORM AND CLIFFS 


The Malibu platform is the earliest and now highest standing abra- 
sional record that has thus far been discovered on the Santa Monica coast. 
It is assuredly known only in the Point Dume triangle (M, Figure 21), 
but it is suspected in the two westernmost segments of the coast also, and 
closer observation may yet prove it there and elsewhere. Fortunately, the 
Point Dume record is so unmistakable that, in spite of its being exposed 
in a highway cutcrop only 200 or 300 feet in length, it demonstrates the 
original continuity of the platform, not only along all the present coast 
of the mountains but also, with high probability, along the additional 15 
miles of its eastward length; for that part of the range was then probably 
at least 300 feet lower than now, and the piedmont area, at present occupied 
by the slanting Monica plain, was then below sea level. It is likely, 
however, that relatively little abrasion was accomplished near the eastern 
end of the range where the shore, not so openly exposed to the sea as 
farther west, may have been, as above suggested, prograded by a beach- 
spit swinging off into what may be called Los Angeles Bay. Elsewhere, 
the steep coastal slope must have been, as a rule, well cliffed, except that 
in the Point Dume triangle, cut back in the hills of weak Miocene beds 
to a reduced or dull-cusp stage behind their small protecting ledge, the 
cliffs would have been of small height. The Point Dume rock would then 
have been a small shoal, on which the waves may have broken about a 
mile and a half off the reduced cusp of the low Miocene hills. 

The Malibu platform would seem to have been abraded by the rising 
sea during a pause between the earlier upheaval of the mountain mass 
which raised it to the Malibu level and the later upheaval which raised 
it to the Dume level ; but it by no means follows that these two movements 
of upheaval coincided in time with the beginning of the Malibu sea-level 
advance and the ending of the following withdrawal of sea level. Indeed, 
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in view of the long duration given by glacialists to the earlier, as com- 
pared with the last, Nonglacial Epoch, and in view of the success with 
which the Dume cliffs were pushed so far back that they generally under- 
cut and consumed the Malibu platform except where it was protected by 
the outstanding Point Dume ledge, it seems probable that the duration 
of effective abrasion by the rising sea of Malibu time was shortened by 
slight movements of upheaval during the sea rise, and perhaps during its 
climax also. This sort of interpretation is manifestly of a speculative 
nature today; but if geologic science advances during this century as 
much as it did in the last, such speculation may be brought within the 
reach of proof; that is, its results may be shown to have the high degree 
of probability which geologists have to accept as demonstration. 


POST-MALIBU EMERGENCE 


It is believed that the withdrawal of the sea from the Malibu platform 
was primarily due to the on-coming of a glacial epoch, because such an 
epoch is known to have come on and such a withdrawal must therefore 
have taken place; but the 100-foot or more difference of level between the 
Malibu and the Dume platforms should be ascribed largely to an upheaval 
of the mountain mass, since there is no sufficient reason for ascribing it 
to a great mildness of Malibu, as compared to that of Dume, climate. In- 
deed, if the climate of Dume_ time—the next-to-last Interglacial 
Epoch—was mild enough to melt all land ice and thus raise the ocean to 
what may be called its full level for Pleistocene time,® a still milder 
climate in Malibu time could not have raised it any higher. 

The upheaval may have been initiated, as above suggested, before the 
lowering sea began to withdraw from its cliffs; for by thus shortening 
the attack of the waves on the land, the width of the Malibu platform 
would have been left of moderate measure. During the emergence of the 
platform as a result of both land upheaval and sea lowering, its rock floor 
and the marine veneer left there by the retiring waves would have become 
more and more covered with subaerial detritus, outwashed from the moun- 
tains; and the base of the cliffs would thus have been gradually buried 
with “infill” while their tops were slowly worn back and rounded off. 

It must not, however, be expected that the Malibu cover thus formed 
should still preserve today its original thickness on whatever small areas 
of the platform have survived Dume abrasion; for since its formation it 


® Under the theory that the ocean has long been slowly increasing in volume by the 
addition of juvenile water erupted from volcanoes as steaw its full level should be 
expected to rise gradually through the geologic ages. 
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has been twice upheaved and long exposed to wasting degradation. Hence, 
the moderate thickness of the Malibu cover where it is now cut through 
by the highway on the Point Dume triangle should not be taken as indi- 
eating that its glacial epoch of accumulation was especially short. Its 
small thickness there must be largely the result of post-Malibu erosion, 
as it seems to increase in thickness farther toward the sea. 


DUME PLATFORM AND CLIFFS 


The success of the rising Dume sea in wearing back its platform so far 
as generally to undercut and destroy the Malibu platform and its cliffs 
has been taken in the second-preceding section as an indication of the 
long continuation of its abrasional attack, and as thus implying that the 
attack was not delayed by a discouraging upheaval of the land at its 
beginning or cut short at its end; in other words, that the Dume sea was 
effectively engaged in abrading the land during practically all the time 
of its rise. When the climax of the rise was reached, the coast must 
have, for the second time, presented much the appearance that it has 
today, with a long succession of bold headlands and entrant bights, 
except that again, as in Malibu time, it extended much farther east than 
it does now, and that, again and for the same reason as before, there 
may have been a beach-spit branching off into Los Angeles Bay from its 
eastern part. 

There can be no question whatever of the existence of this platform, 
because the composite cliffs of the present, or Monic, shoreline repeatedly 
expose it in section, so that exposures of the evenly truncated strata of 
its floor, discontinuously veneered either with well worn boulders, cobbles, 
and gravels or with clean-washed sands are seen at a number of points 
near enough together to assure one that they all belong to the same plat- 
form. Besides these many sections of the platform, four steeply slanting, 
entrance or exit sections of the Dume cliff face have also been discovered 
in the composite face of the present shore cliffs, where the latter have been 
steepened by being cut back in the process of highway construction. One 
of these refreshed sections shows also a part of the Dume platform, gravel 
strewn, at its base, with a well defined shoreline angle (Figure 17) be- 
tween the two, as will be told in detail in Part III. 


DUME COVER ON THE EMERGED PLATFORM 


The Post-Dume lowering and withdrawal of the sea laid bare the Dume 
platform, with its veneers and sheets of marine deposits, as a young 
coastal plain. The inner part of the plain in time became heavily 
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covered with outwashed subaerial deposits which must, in view of the 
notable thickness of their heads, have extended far seaward before thin- 
ning out in a feather-edge margin. The structure of the cover is well 
exposed in the present shore cliffs at various points along the western 
30 miles of the range, and also in highway cutcrops on valley sides in 
the Monica detrital plain along the eastern 15 miles of range length, 
where the Dume shoreline extended but where the present, or Monic, 
shoreline has not yet been—and may never be—abraded. In the cover 
opposite the larger mountain streams, water-worn gravels of coarse and 
variable texture are found; opposite little ravines the detritus is less 
coarse and more angular; opposite the non-ravined mountain slopes, it 
is of fine texture with occasional small angular scraps. Where the finer 
detritus is now dissected, it assumes the form of sharp pinnacles (Plate 
43, A). The thickness of these covering deposits near the hidden Dume 
cliffs between the mountain valleys is over 100 feet, indicating that a 
comparatively long time was occupied in their slow accumulation by 
surface wash. They might well contain land fossils like elephants, such 
as have been found in a similar, and probably contemporaneous, deposit 
on one of the several Santa Barbara Islands which appear to constitute 
a western extension of the Santa Monica Mountains, as will be told in 
Part IV. 

The foregoing paragraph describes the Dume cover as if it had been 
accumulated in a single—and the last—Glacial Epoch, whereas it has 
been explained in Part I as having been accumulated in two—the next- 
to-last and the last—Glacial Epochs, and as having therefore suffered 
abrasion and erosion during the intervening, or last, Nonglacial Epoch ; 
and this more complicated explanation of its origin is to be preferred. 
The evidence for this view is: first, the large volume of the cover, which 
seems too great to have been accumulated during the relatively brief 
last Glacial Epoch; and second, the large volume of Monic abrasion 
which seems too great for accomplishment in the relatively brief Post- 
glacial Epoch. Additional evidence is desired. 

Such evidence is not likely to be found in the form of a cliff produced 
in the interval between the abrasion of the Dume and the present cliffs, 
for just as the Malibu cliffs have been nearly everywhere destroyed by 
the strong recession of the Dume cliffs so this supposititious cliff, if 
it ever existed, seems to have been completely destroyed by the recession 
of the present cliffs. 

But if the first deposited part of the Dume cover were more or less 
abraded and eroded before the second part was deposited, the cliffs and 
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the cutcrops of the cover today ought somewhere to expose disconformities 
between the two parts. True, where the second part, outwashed from 
hill slopes, overlies the non-eroded inter-valley flats of the first part, 
there would be no disconformity; and the second part might there have 
been worn off from the cliffed front of the cover in Postglacial time, 
so that its remainder might escape notice. But in the inter-flat val- 
leys the contacts would necessarily be disconformable, and there they 
might be found. They would be conspicuous if the valleys eroded in 
the first part were completely filled by the second part, so that the 
streams would take different courses in Postglacial time from those they 
followed in the last Nonglacial Epoch; but as no such first-cut and 
now-filled valleys have been found, except some indistinct ones east of 
Siquis Creek as will be told in Part III, this condition is improbable. 
On the other hand, if the first-cut valleys were not completely filled, so 
that the streams persist in their first-chosen courses, the disconformities 
in the valley sides would be difficult to discover, if, indeed, they are 
not now wholly removed. The preferred explanation for the Dume 
cover therefore remains incompletely verified. 


POST-DUME DEFORMATION 


The eastward-increasing upheaval which raised the Dume platform 
300 feet along the eastern part of the mountain flanks north and north- 
east of Santa Monica, must be dated after the accumulation of the 
platform cover because, had it taken place before, and therefore been 
contemporaneous with the withdrawal of the Dume sea, it would have 
discouraged or prevented the accumulation of the cover on the uplifted 
platform, and would have caused instead the active erosion of deep, 
rock-walled valleys by the mountain streams. Moreover, in the area of 
the Monica plain the detrital cover could not have acquired its present 
evenness of distribution on the platform in the presence of such valleys. 
Only by postponing the upheaval until after the detrital cover had been 
outspread could the valleys, the erosion of which was excited by the 
upheaval, have trenched the cover as sharply as they do. 

On the other hand, the upheaval must have taken place chiefly before 
the abrasion now in progress by the Monic sea was well advanced, be- 
cause the present sea floor so strongly undercuts the Dume platform 
and its cover at the head of Santa Monica Bay; and this abrasion is 
of so large a measure that its accomplishment calls for as long a lapse 
of time as can be assigned to it. The upheaval must therefore have 
taken place rather rapidly after the climax of the next-to-last Glacial 
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Epoch, and before the climax of the last Nonglacial Epoch; and from 
Point Dume eastward it must have greatly increased the breadth of the 
coastal plain that had emerged in consequence of the previous with- 
drawal of the Dume sea. 

In the second and third segments of the coast, counting from the 
west, the shoreline of the Dume platform now stands only about 25 
feet above present sea level; and in the first, or westernmost, segment 
it has not been detected. When one passes around the western extremity 
of the range to its northern side, the alluvium of the low Oxnard plain 
is seen to enter and embay the valleys of the mountain flanks; hence, 
one must infer that that part of the mountain mass, together with the 
adjoining area of the plain, was somewhat depressed at about the same 
time that the southeastern flanks of the range were upheaved. 

The absence of a Dume beach across the inner part of the Oxnard 
plain, 10 or 20 feet above present sea level, gives additional reason for 
believing that the plain was somewhat depressed along with the adjoin- 
ing part of the mountain mass in Post-Dume time; for on the assump- 
tion that it was not depressed, the dune-backed beach that it should 
have had in Dume time, like the Hueneme beach of today, ought to be 
seen on the plain somewhat above present sea level and therefore some 
distance inland, in consequence of the lower temperature of the Post- 
glacial, or Monic, Epoch as compared with that of the last Interglacial, 
or Dume, Epoch. Its dunes would, to be sure, have been more or less 
obliterated after it was abandoned by the waves that built it; but the 
plain is so extraordinarily smooth that even a faint remnant of the 
original beach would be detected. No such remnant of a beach has been 
discovered in spite of repeated search for it. On the other hand, stories 
of the active aggradation of the plain during muddy floods of recent 
date give reason for believing that its surface has been rapidly upbuilt 
since its inferred small subsidence; and such upbuilding would bury 
the waning beach. 

Finally, the course of Calleguas Creek, which drains the inner area 
of the Oxnard plain as well as all its mountain border on the south and 
its hilly border on the north, lies at present rather close along the base 
of the mountains, where it would lie naturally enough after a recent 
depression of that piedmont area, but whence it should have been driven 
away by mountain-valley fans, had the district long stood stable. 

All these items support the idea that the Oxnard plain represents 
the easternmost and the shallowest part of a trough of depression which 
is the counterpart of the arch of elevation represented by the offshore 
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islands and their extension in the Santa Monica Mountains. The plain 
therefore contradicts the general belief that all the coast of southern 
California has suffered elevation in Pleistocene time, and that the level 
of the ocean is therefore somewhat lower now than then; 10 or 15 feet 
of the present stand of the Dume shoreline above the present shoreline 
in the second and the third segments of the coast should be thus explained. 

It should be here recalled that the climate of the Postglacial Epoch 
is believed to be somewhat cooler than that of the last two glacial epochs. 

It may be recalled from Part I that, whatever the share of the 25-foot 
emergence of the Dume platform in those segments of the coast may be, 
the existing features of the coast there cannot be satisfactorily accounted 
for by such slight emergence alone. There must have been initially a 
significantly greater emergence, followed by a submergence of about 25 
feet less measure; for otherwise the actual thickness of the Dume cover 
heads could not be explained. To be sure, as has been told already, 
such emergence and submergence might be imagined to result from a 
greater upheaval followed by a lesser subsidence of the coast, without 
calling on climatic changes of ocean level; but in that case, additional 
records of such climatie changes ought to be found, and no such records 
have been discovered. 


MONIC PLATFORM AND CLIFFS 


The uncertainty that remains as to the conditions under which the 
heavy Dume cover was accumulated is repeated as to those under which 
the Monic platform and cliffs were abraded. As no direct record is 
found of the last Glacial Epoch which is thought to have intervened 
between an earlier and a later phase of Monic abrasion, the total ab- 
rasional work may almost be treated as if it had been performed con- 
tinuously. It must, however, have ceased while the sea withdrew in 
the last Glacial Epoch ; but its total duration would seem to have included 
the last Interglacial Epoch, together with the present Postglacial Epoch. 

In both the abrasional phases of the epoch, the retreating shoreline 
was probably well beached where it was cut in weak rocks, as was 
generally the case east of Point Dume; but where it was cut into 
resistant rocks, as is still the case for much of the distance west of 
Point Dume, its most resistant members came to stand forth in bold, 
ragged, beach-free headland cliffs between beached coves and bights. 
The retreat of the Monic shore is therefore small in that half of the 
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The retreat has, on the other hand, been great in the eastern half, 
where the great bight, known as Santa Monica Bay, has been excavated ; 
and the volume of material there removed was greatly enlarged by the 
eastward-increasing post-Dume upheaval, which had just previously taken 
place. It is, indeed, because of this enlargement that the sea has not 
yet been able to regain possession of the 15 easternmost miles of the 
mountains’ length, which it covered before the upheaval. It seems rea- 
sonable to suppose that a large part of the cliff recession was accom- 
plished in the first, and longer, phase of Monic abrasion—that is, in 
the last Nonglacial Epoch—and that a smaller part of their recession 
was accomplished, at a slightly lower level than before, in the second, 
or shorter, phase—that is, in the Postglacial Epoch—after the rise of 
the sea then in progress had rapidly undercut at a small depth the 
platform abraded in the first phase. 

As long as the Postglacial rise of the sea continued, it must have 
aided Monic abrasion. But as above noted, Johnson has found, from 
a study of prograded beaches in various parts of the world, that the 
present level of the sea has been maintained for a considerable part of 
Postglacial time; and if such were the case on the Monic shore also, as 
it certainly should have been, a good share of bay excavation in the 
second Monic phase must have been done since the Postglacial rise of 
sea level ceased. 

There are three localities along the coast where evidence is found 
of a small uplift near the end of the second Monic phase. They will 
be referred to in Part III as indications of a late Monic uplift. 


CREEK EROSION DURING MONIC TIME 


The foregoing discussion has given reasons for believing that the for- 
mation of the heavy and extensive detrital cover on the emerged Dume 
platform was followed by the eastward-increasing upheaval of the coastal 
district, and presumably of the interior district of the mountains also; 
and as the gradient of all the south-flowing streams was thus increased 
they thereupon set about eroding valleys. Within the mountains, new 
and steep-sided valleys should then have been incised by the larger 
streams beneath their earlier-eroded valleys of more mature form; and 
it may be noted at once that the only two mountain valleys—those of 
Malibu and Topanga creeks—regarding which adequate information has 
been gained, appear to possess a compound form of that kind. 

The same streams eroded rather mature valleys down the slope of the 
upheaved Dume cover, while the outer margin of the cover was being cut 
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back by the rising sea during the on-coming of the last Nonglacial 
Epoch. The deepening of the valleys may have continued during part of 
the withdrawal of the sea in the last Glacial Epoch; but it is possible that, 
as the withdrawal approached its maximum, the sea floor then revealed 
had so faint a slope that the streams, especially the smaller ones, changed 
their erosion to aggradation. However, as already pointed out, whatever 
aggradation then took place does not seem to have filled the valleys and 
overspread the intervening parts of the plain. Hence, when the sea rose 
again with the on-coming of the Postglacial Epoch and began to push its 
cliffs back to their present site, the streams resumed the deepening of the 
same valleys. This second phase of Monic erosional work, like the second 
phase of Monic abrasional work which it accompanied, was probably of 
much less duration than the first, because the Postglacial Epoch has en- 
dured a much shorter time than the last Nonglacial Epoch. 


CROWDED EVENTS OF PLEISTOCENE TIME 


It was noted above that the high cliff heads of the Dume platform- 
cover west of Point Dume demonstrate the great total volume of the 
subaerial detritus outwashed from the mountain slopes, chiefly during the 
on-coming of the next-to-last Glacial Epoch. It has also been shown 
that the large area of Santa Monica Bay and the great height of its head 
cliffs demonstrate the immense volume of material removed by abrasion 
during the on-coming of the last Nenglacial and the present Postglacial 
Epochs ; and that between these two important accomplishments the east- 
ward-increasing upheaval of the mountains must have taken place. So 
great an activity of the processes of deposition, deformation, and abrasion 
in the later subdivisions of Pleistocene time seems extraordinary to a 
geologist whose experience has been gained chiefly on the quieter Atlantic 
slope. The acceptance of such activity as nothing more than ordinary is 
one of the profits of the extension of experience to the Pacific coast. But 
such activity might seem excessive even to a western-trained geologist if 
the four nonglacial epochs of abrasion and the three glacial epochs of 
deposition treated in this essay, as well as a certain measure of time for 
the pre-Malibu upheaval and abrasion of the mountain mass, were all 
placed in the late Pleistocene. Yet this would have to be the case if a late 
Pleistocene date for the upheaval of the previously deformed and well 
degraded mass be accepted, following Hoots (1930, 129). According to 
that observer, the chief compressional deformation of the strata in the 
Santa Monica Mountains took place between the middle and the upper 
Miocene (125); then after the upheaved highlands, resulting there- 
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from, were reduced to low relief, the worn-down mass was broadly up- 
lifted “near the end of the Pleistocene” (129). That date seems to me 
too recent, in view of what has happened since the uplift; for it was not 
until after the mass had gained nearly its present altitude that the Malibu 
platform was cut into its flanks; and inasmuch as the Malibu interval 
appears to correspond with the second-from-last Nonglacial Epoch, 
the earlier uplift of the mass should have taken place considerably be- 
fore the end of the Pleistocene. Hence, in so far as Hoots’ conclusion 
is based on paleontologic evidence, it appears to need change toward a 
mid-Pleistocene date on the ground of physiographic necessity. En- 
couragement in making this suggestion is found on recalling that two 
papers published by Gilbert with chronological titles, namely, “Age of the 
Equus fauna” and “Age of the Potomac formation,” were both concerned 
with physiographic reasons for revising paleontologic conclusions. 


Part III. Consecutive Description oF CoAsTAaL FEATURES 
HEADLANDS AND BIGHT OF THE CALLEQUGUAS-SYCAMORE SEGMENT 


The backset beginning of the mountains.—If one approaches the Santa 
Monica Mountains by crossing the Oxnard plain from the northwest, the 
terminal part of the great Hueneme beach will be seen to overlap a backset 
mile of the mountain front (after the fashion shown in Figure 9) before 
it reaches the bold salient of Point Mugu. At an earlier stage of the 
present, or Monic, Epoch, ere the beach had gained its present length, 
the mountains were reached and attacked by the sea all the way to their 
backset extension, and their now protected backset mile was then moder- 
ately cliffed. It may therefore be inferred that at an earlier stage of the 
Monic Epoch the predecessor of the present beach existed along most of 
the Oxnard shore while the plain was broadened seaward by reason of 
the then lower stand of sea level, and that the beach was pushed landward 
as the Monic rise of the sea progressed, especially along the northwest- 
ward part of the plain, as the beach sands were largely derived from cliffs 
and streams several miles away in that direction. The delay in the south- 
eastward extension of the beach in front of the moderately cliffed backset 
part of the mountains may have been due in part to the depression of the 
plain near the mountains, which is indicated by the entrance of arms of 
the plain into valleys along the northwest side of the mountains, as has 
been told above. 

The final mile of the beach is well set back from the line of its previous 
front after crossing the tidal inlet which serves to discharge Calleguas 
Creek; and this setback, like a previous one of the same kind near the 
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mid-length of the beach, indicates the prevailing southeastward course 
of the dominant shore current. A lagoon and a tide marsh (Plate 48, A) 
share the half-mile space between beach and mountains, and detritus from 
the backset mountain cliffs is now advancing in small quantity on the 
marsh. Here, therefore, is one of the examples adduced above to illustrate 
the possible formation of a detrital cover upon an abraded platform with- 
out any change of sea level; but it illustrates also the impossibility of 
explaining the heavy Dume cover in the second and third segments of the 
coast under any such conditions during the Dume epoch; first, because 
there is no good reason for thinking that, after the Dume platform and 


Figure 9.—Derelopment of a Detrital Cover in a beach-enclosed Lagoon 


cliffs had been cut, an off-short beach could have been constructed far 
enough in front of the cliffs to allow the heavy cover to accumulate behind 
it, and second, because the Dume cover there does not rest upon tide- 
marsh muds. 

Mugu cliffs—Point Mugu, a bold salient standing over the end of the 
overlapping beach, is a fine illustration of a blue-water headland ; that is, 
a headland of hard rock on the steepened face of which the Monic sea has 
raised its level faster than it has cut back its shoreline. The steepening 
of the headland is therefore ascribed largely to Dume abrasion somewhat 
below present sea level, with only minor modification by Monic abrasion. 
Indeed, the recent modification of the headland by the cutting of a bench 
about 50 feet above sea level for the coastal highway backed by an almost 
vertical wall’ about 100 feet in height above the bench, appears to be 


7 The cut-back face of the mountains over the highway bench will be called a “wall,” 
to distinguish it from the natural cliffs. 
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about as great as, if not greater than, that accomplished by the Monic 
waves. 

Four minor headlands, separated by incut coves, follow Point Mugu 
through a good part of this five-mile segment of the coast; and it is in two 
of these coves that the first high-clinging remnants (Figure 10, C. C.) of 
the Dume cover are seen. They are so small that, if no larger cover heads 
were found farther along the coast, one might hesitate to accept the suffi- 
ciency of the evidence that they give of an earlier epoch of platform and 
cliff abrasion followed by a withdrawal of the abrading sea. Yet as far 
as I can make out, they cannot be otherwise interpreted. Small as they 
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Figure 10,—Small cover-head Remnants (C, C) on a strongly cliffed Coast 
Section of a cover head at right; partial restoration of original volume of cover at left. 


now are, the total deposits which they represent must have had a strong 
seaward reach, gradually thinning from a thickness of 100 feet, more or 
less, near the steepened mountain slope to a feather edge at their outer 
margin. But the cover heads do not determine whether the withdrawal 
of the sea was caused by an upheaval of the land or by a lowering of sea 
level. Decision on that point is guided by the acceptance of the principle 
that each Glacial Epoch of the Glacial Period was introduced by a sea- 
level lowering. 

None of these headlands shows any sign of the Dume platform. It is 
therefore supposed to lie a little below present sea level in consequence of 
a slight depression of the terminal part of the range; and this supposition 
is confirmed by the embayments of the Oxnard alluvial plain which, as 
above noted, enter the valley mouths at the northwestern base of the 


mountains. 
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Sand-dune Bight.—The final mile of this coastal segment, following 
a valley next beyond the last of the minor headlands, is an abraded bight 
backed by battered cliffs 150 feet or more in height, and occupied by a 
beach-fronted strandplain 300 or 400 feet in width. The sands of the 
plain have probably been supplied in large measure by long-shore drift 
from the Hueneme beach since it reached Point Mugu in a late stage of 
the Monic Epoch; and it may well have been the increase of shore drift 
thus determined that caused the retrogadation of the bight to be reversed 
into progradation. 

At the far end of the strandplain is a fine sand dune (Plate 41, A) 
blown up from the broadened beach: the bight may be named after it. 
It is separated from the terminal headland by a well-marked, wind-eddy 
groove. The headland, directly back of which lies the valley of Sycamore 
Creek, has been cut back (Plate 41, B) beyond its slanting crest ; hence its 
cliffs were, while still under attack of the waves, of decreasing height. 
All the other cliffs of the coast have been or are, with one questionable 
exception, of increasing height, like most sea cliffs the world over. The 
bold rocky end of the headland pitches down into blue water, like Point 
Mugu, below the strongly incut highway bench. Some of these head- 
lands were, in their natural form, so precipitous as well as so inaccessible 
along the shore that workmen were lowered to them from above when the 
construction of the highway was begun. 

The small detrital cover which cloaks the abandoned cliffs of the bight 
is a subaerial deposit similar to the cover of the low cliffs at the backset 
extension of the range; for both have accumulated in consequence of the 
withdrawal of the waves which had previously removed cliff-base detritus 
as fast as it fell or was washed down there; but here the cover rests on the 
sands of the prograded beach, while the cover of the backset cliffs rests 
upon the tide-marsh muds of a lagoon. Neither deposit is of large vol- 
ume; and just as it was inconceivable, when the backset end of the range 
was under description, that any lagoon could have been beach-enclosed 
in front of the Dume shoreline, without the aid of a change of sea level, 
and yet wide and long enough to have permitted the accumulation of the 
heavy Dume cover, so here again, it is inconceivable that any bight exca- 
vated on the Dume shore line could have been prograded in a sea of un- 
changing level to a length and a width sufficient to permit the accumula- 
tion of that cover upon it. 

A somewhat indefinite bench (Figure 11) at the top of the bight cliffs 
may perhaps represent the Malibu platform, uplifted and much modified 
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by erosion; but this suggestion remains uncertain, as the bench has not 
yet been found to have any cobbles or gravels upon it. 

Two local indications of Late Monic uplift—Before the middle of the 
Sand-dune Bight is reached the first two local indications of the above- 
noted slight and recent Monie up-lift are come upon. They are small 
detrital fans (Figure 11) which, after having been built forward from 
ravines in the battered cliffs, were cut back almost to their heads; then 
their heads were trenched, and smaller fans were built in front of the 
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FicgureE 11.—Truncated and trenched Detrital Fan, fronted by a Strandplain 


Indicating withdrawal and return of sea followed by progradation of beach. 


trenches in association with the growth of the strand plain. This is 
taken to indicate that the retrogressive abrasion of the bight was followed 
by a slight upheaval, in consequence of which a narrow strip of the 
abraded platform was laid bare so that the fans could be built forward 
upon it by ravine streams. Then the sea, resuming its abrasional work, 
cut away nearly all the emerged platform and at the same time consumed 
nearly all of the fans, before the change from bight excavation to strand- 
plain progradation began. A slight upheaval of the land seems more 
probable in this case than a slight lowering of the sea after it had risen 
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above its present level, because Postglacial time does not include changes 
of climate of a kind that would produce such changes of sea level. 


HEADLANDS AND BIGHTS OF THE SYCAMORE-SIQUIS SEGMENT 


The first bight—The Sycamore-Siquis segment of the coast, with its 
alternating headlands and bights, is less sinuous now than it was in Dume 
time; that is, its three high headlands, where the Dume platform cannot 
be seen, must have been cut back by Monic abrasion a little behind the 
face of the Dume cliffs; while the four bights, which alternate with the 
headlands and in which Dume cover heads of considerable volume are 
preserved—especially in the third bight—have not been cut back so far 
in Monic as in Dume time. The wall-backed bench of the highway is 
continued through nearly the entire length of the segment; it has greatly 
modified the rocky headlands and has helpfully refreshed the face of the 
surviving cover heads; but it has, at the same time, destroyed certain 
significant contacts. 

The valley of Sycamore Creek has a flat floor, a few hundred feet wide 
at its mouth, and the floor is said to extend some distance up the valley. 
No terraces are seen in the valley from the shore highway. Near the 
valley mouth a well is reported to have a depth of 76 feet in alluvium. 
The valley must therefore have been deepened both up- and down-stream 
from its present mouth. The deepened valley in the mountains has 
been filled with alluvium during the rise of the Monic sea to its present 
level. Soundings show that the off-shore part of the valley, seaward from 
the present shoreline, has also been filled, for no trace of it is found there 
on the most detailed charts. 

The half-mile bight with which this segment of the coast begins, fol- 
lowing the sharp inturn to Sycamore Creek, is backed by a Monic cliff cut, 
in part at least, in the Dume cover, in front of which a prograded beach- 
spit encloses small patches of marsh and lagoon at the creek mouth. Here 
again, a ravine in the cliffs is fronted by a truncated and ravined detrital 
fan, thus repeating the local indications of a slight and recent change of 
sea level, described above for the prograded Sand-dune Bight of the pre- 
ceding coastal segment. A fairly good exit section of the Dume cliff is 
seen where the Monic cliff passes from the Dume cover head into the re- 
sistant rock of the bold headland of Sycamore Head, where the bight ends. 

Expectation Bight.—The next bight, over a mile in length but of small 
retreat, is divided into halves by a blunt medial salient. Each half pre- 
serves clinging patches of Dume cover-head (F, Figure 12) on the cut- 
hack wall of the highway; in the wall and in the ravines back of it the 
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reddish, scrappy, and irregularly stratified detritus of the cover is well 
exposed. The Dume platform is not seen. It is probable, however, that, 
judging by what is seen in the next bight, the platform might, before the 
construction of the highway, have been seen in section in the cliffs of this 
bight as they were presumably composite, in the sense of showing a low 
basal face of rock (R), below the Dume platform (P); and a much larger 
face of Dume cover (E), above the platform; but all that is now con- 
cealed by the detritus thrown out from the highway bench. 

Imperfect entrance and exit sections of the Dume cliff are seen near 
the beginning and the end of the bight, as well as in association with the 
blunt salient at its middle. At various points along the inner side of 


Ficure 12.—Dume Cliff and its cover-remnant 


In, highway wall of Expectation Bight. 


the highway the base of the cliffed Dume cover shows beds of clean sand, 
which are taken to represent parts of the Dume beach, left there by the 
retiring sea. Thin films of sand here and there extend obliquely upward 
into the cover, as if blown there from the beach after the accumulation 
of the cover had begun. The large dune at the end of the first coastal 
segment, described above, gives abundant warrant for this interpretation. 
Where such sands are seen, the Dume shoreline is inferred to lie a little 
below and behind the inner side of the highway. 

Near the end of the bight, after the back wall of the highway passes 
beyond the exit section of the Dume cliff, a patch of cover (XX, Figure 
13), about 150 feet long and 30 to 50 feet high, appears in the wall over 
the road bench, next beyond the mouth of a fair-sized backland valley 
(V). The cover patch surmounts a base of rock, which begins at the 
valley side with a height of 5 feet over the highway and continues with 
a gradual but somewhat irregular ascent to a height of 15 or 20 feet; 
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then comes a rapid increase of rock wall height, with subparallel cutcrops 
of its strata, to measures of 150 or 200 feet. The cover near the valley 
mouth includes gravel and cobbles, with some boulders up to five feet in 
diameter; but only gravel is seen over the farther and higher end of the 
rock base. At first sight the rock base might be taken for a part of the 
Dume platform; but its height is so discordant with much better ex- 
posures of the platform a little farther on that another explanation for 
it is adopted. It is taken to be part of the side ridge of the backland 
valley, which here happens to run westward nearly parallel with the shore, 
and which must, therefore, have been cut back in Dume time in a cliff of 
decreasing height, the second and last, but somewhat questionable, ex- 
ample of its kind on the coast. When the Dume sea withdrew, the valley 
must have been filled in with coarse detritus, while finer detritus was 


Ficure 13.—Remnant of Valley-fill (XX) cut by Highway Wall 
Expectation Bight. 


forming the inter-valley parts of the Dume cover. If Pholad borings 
were found in the roadside rock base below the cover, they would con- 
tradict this preferred interpretation ; but although searched for, they have 
not been found. 

Inasmuch as this bight was looked upon with hopes that it would give 
more information than it has actually yielded, I have called it Expecta- 
tion Bight. 

Confirmation Bight.—The third bight of the segment (Plate 42, A), 
about a mile in length between two bold headlands, holds a large surviving 
body of Dume cover and is, next to the Point Dume triangle in the 
Trancas-Latigo segment, the most instructive part of the coast. Its ideal- 
ized form is shown in Figure 2. Here, as in Expectation Bight, the 
cutcrops of the highway wall have greatly improved the visibility of the 
rock and the detrital structures; and here, even better than in Expecta- 
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tion Bight, entrance and exit sections of the Dume cliff, as well as ravine 
head exposures or sections of the cliff face, are seen. Three sections of 
the Dume platform have also been found; and a short length of a high- 
standing bench, which is seen above and back of the Dume cover head, is 
suspected of representing the Malibu platform. This locality is, mere- 
over, confirmatory as well as instructive, for all the features just men- 
tioned were discovered, not by wandering observation before analysis of the 
coastal problem, but by directed observation after its analysis, as set forth 
in Part I of this essay, had been worked out on the basis of the key facts 
so clearly exhibited in the Point Dume triangle.* I therefore propose 
to eall this third bight, Confirmation Bight. Its leading features may be 
concisely described, beginning with the later and more manifest ones and 
ending with the earlier and more obscure. 

The steep, bare walls of the highway bench in the bold headlands rise 
150 to 200 feet to the unmodified higher cliff-top slopes of the mountains, 
which ascend more gradually to much greater heights farther inland. 
The highway benches have been advantageously widened at each head- 
land by throwing the rock-take from the walls into the sea, and from 
either headland bench a fine view may be enjoyed of nearly the entire 
sweep of the bight. The Dune cover head, its highest refreshed cliffs 
rising toward 100 feet over the highway, occupies the middle half mile, 
and the upper surface of the cover rises to decidedly greater heights in 
the background. The volume of detritus still remaining in the cover head 
is enormous, as may be judged from its high-cliffed face in the center 
of Plate 48, B. Its middle quarter has been lowered to half height or less 
by an east-slanting landslide (Figure 16). Perhaps the underlying 
beach deposits, left by the retiring Dume sea, served, on becoming water- 
logged, as quicksands on which the cover head slid down and forward 
after it was well cliffed; but the slide took place long enough ago for its 
frontal bulge to have been well trimmed back in a concave, beach-fronted 
cover-head cliff, now steepened by the nearly vertical wall of the highway 
bench. This frontal cliff has been trenched only by small ravines, as no 
large streams are present here. The ravines have elaborately carved sides, 
in which, as well as in the refreshed frontal cliff, the irregular beds of 


SIt is fully recognized that the search for facts in the field corresponding to conse- 
quences deduced from theory may sometimes mislead an observer into thinking he finds 
the facts for which he is looking. even if they do not exist; but when one is conscious 
of this source of error, its danger is greatly diminished ; and whatever danger of error 
then remains is more than counterbalanced by the saving of time in making genuine 
discoveries of confirmatory facts when one is guided by directed observation as com-- 
pared with the delay in making such discoveries by unguided, wandering observations. 
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the subangular detritus composing the cover are well exposed. A closer 
examination of these deposits than I have been able to make might per- 
haps discover mammalian or other fossils in them. 

The very oblique disappearance and reappearance of the Dume cliff in 
its entrance and exit sections are well seen near the terminal headlands. 
Close to the entrance section (Figure 14) a considerable bed of Dume 
beach sand underlies the detrital cover; the platform must here be buried 
only a few feet below the highway grade. The mostly hidden course of 
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HIGHWAY 
Figure 14.—Dume Cliff FIGURE 15.—Face of Dume Cliff 
Entrance section in highway wall, Con- Revealed at head of short ravine in high- 
tirmation Bight. way wall of Dume cover, Confirmation 
Bight. 


the cliff behind its cover between the entrance and exit sections may be 
fairly well traced by its small exposures in successive ravines, one of 
which, a short distance beyond the entrance section, is shown in Figure 15. 
There can therefore be no question of the continuity of the concealed 
cliff in a long half-mile curve through the middle of the bight; nor of its 
former continuity through somewhat shorter convex curves, now de- 
stroyed by Monic abrasion and highway construction around the head- 
lands. 
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Several other exposures of Dume beach sands under the cover are seen 
on the inner side of the highway at intermediate points; one is photo- 
graphed in Plate 48, C. Their visibility varies with the time since the 
detritus falling from the steepened cliff face of the cover has been cleaned 
up. When freshly exposed, the sharp separation between their clean white 
grains and the reddish, scrappy detritus, which so heavily covers them, 
is very impressive; it aids greatly in the attempt to visualize the condi- 
tions of a critical moment in Dume time. 

Three exposures of the Dume platform may next be described. The 
first (Plate 49, A), is seen in a narrow rocky spur, which interrupts the 
beach just east of the broadened highway bench at the beginning of the 
bight. The inclined strata of the mountain rocks are there truncated in an 
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Ficure 16.—Diagram of eastern Half of Confirmation Bight 


even surface of moderate seaward slant ; a bed of marine cobbles and gravel, 
a fcot or two thick, lies on this slanting surface; and the cobble bed is 
covered by a remnant of the subaerial Dume cover, which rises a little 
over the highway grade. If the trauncated rock surface, or Dume, plat- 
form were continued landward, it would disappear under the highway ; 
and as nothing is seen of the Dume cliff in the great rock wall over the 
highway, the cliff must have been cut away there; first, by the recession 
of the Monic platform and cliff, and later by the excavation of the high- 
way bench and wall. The altitude of the cliff-base shoreline, which is 
now concealed under the highway, is estimated to be about 25 feet. It is 
also inferred that the Monic cliff was there less cut into the Dume cliff 
than the highway wall has been cut into the Monice cliff. 

The second exposure of the Dume platform is seen directly on the shore 
at P, Figure 16, beyond the middle of the bight. Its exposure varies 
greatly from season to season, as it may be stripped bare by the waves or 
buried under four or five feet of beach sands. Here, the mountain rocks 
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are steeply and irrgularly inclined and somewhat unevenly truncated ; 
and as they lie about 300 feet in front of the Dume cliff, which is here 
back of the highway, they are truncated at a decidedly lower level than 
the inner margin of the platform at the cliff base. Across their uneven 
edges lies a layer (Plate 49, B and C), a foot or two thick, of thoroughly 
rounded and exceptionally well cemented boulders, cobbles and gravels, 
which evidently represents a veneer of marine detritus left on the plat- 
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Figure 17.—Confirmation Bight FiIGuRE 18.—Composite Monic Cliff 
Exit section of Dume cliff and platform in Near middle of Siquis-Trancas segment 
highway wall. 


form by the retiring Dume waves. The unconformable contact of this 
layer with the abraded surface of the underlying platform is beautifully 
clear and sharp. No detrital cover remains here. 

The third exposure of the platform is found at C, Figure 16, in the 
artificially steepened wall of the highway bench, somewhat farther toward 
the terminal headland. It there makes its appearance by gradually rising 
from below the highway grade and then continues its slow ascent (PL, 
Figure 17) for 50 feet or more until it meets the foot of the exit section 
of the Dume cliff in the highway wall above described. The wall of the 
highway is often more or less covered by down-wash of silt and clay, but 
the nearly vertical exit section of the cliff in the wall may ordinarily 
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be traced down between the bedded rock on its right, well shown in a 
near-by gully, and the poorly stratified detritus on the left, until it actu- 
ally meets and joins the gradually ascending section of the platform. 
The junction (L) marks the shoreline angle between platform and cliff 
at the climax of Dume time. The angle, standing about three feet above 
the highway, can be located within about three inches. Its position 
above the highway does not mean that the platform is more elevated here 
than it was near the beginning of the bight, where the platform lies 
beneath the highway; but that the highway here is a few feet lower than 
there. This exposure of a cliff-base angle is the only one of its kind that 


Ficure 19.—E£astern Part of Confirmation Bight 


Profile showing supposed Malibu platform (BU), Dume platform (NM), Dume cover 
(E), in ravine (R, Figure 16). 


has been found, and it is certainly one of the most significant that has 
been discovered in the 30 miles of coast. 

While these excellent exposures of the Dume platform, cliffs, and cover 
are under observation, it is worth while again to consider carefully the 
conditions under which the cover was deposited. In the first place, the 
great excess of its total volume over the much reduced volume of the 
surviving cover head must be recognized; for it should be remembered 
that the concave slope of the completed cover, of rapidly decreasing decliv- 
ity seaward, had to slant down gradually until it overtook the somewhat 
more deliberate slant of the emerging sea floor. The measure of the for- 
ward reach of the cover, from a thickness of roughly 100 feet at its head 
to its feather-edge margin, must have been of the order of a mile at least; 
and this great cover must have extended continuously along the coast for 
a goodly number of miles, except where interrupted by the larger moun- 
tain streams. Four important points should be here reviewed : 
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First, no conceivable change in the Dume shoreline which did not in- 
volve a change in the relative levels of land and sea could possibly have 
provided the conditions necessary for the accumulation of so long, so 
broad and so heavy a cover. Second, a mere upheaval of the land of about 
25 feet could not alone have produced nearly so broad an emergence of 
the Dume sea floor as that which the thickness of the cover demands. 
Third, an upheaval of 75 or 100 feet, followed, after the cover was ac- 
cumulated, by a subsidence of about 25 feet, less measure, would provide 
the necessary changes of level; but these changes, taken alone, would 
leave the Glacial changes of level out of account. It is for that reason 
better to replace movements of the land by a Glacial lowering and rising 
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FIGURE 20.—Schematic Diagram of Confirmation Bight 


of sea level, and to add thereto whatever modest upheaval of the land is 
needed hereabouts to supplement the failure of Postglacial rise of sea 
level to equal the previous Glacial lowering of sea level, and thus bring 
about the present 25-foot altitude of the Dume shoreline. Fourth, the 
great volume that the cover must have had here before it was cut back 
by Monic abrasion is one of the main reasons for dating its accumulation 
chiefly in the next-to-last Glacial Epoch as explained more fully in 
Part II. 

An uneven bench (M, Figure 16) on strongly tilted, mountain-making 
strata, which may possibly represent the Malibu platform, remains to be 
mentioned. It is found by ascending a ravine (R) which mouths oppo- 
site the second or beach exposure of the Dume platform (P), and in which 
a fairly clear cross-section (N, Figure 19) of the weathered and buried 
Dume cliff is passed back of its heavy cover (E). The ravine heads in a 
dry cascade (UO), the top of which is thought to be near the level of the 
Malibu platform (BU). A few roughly rounded cobbles (Plate 50, A) 
were seen thereabouts under a cover of moderate thickness at an altitude 
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of about 150 feet; but they are not decisive. The inferred inner margin 
of this well elevated platform is supposed to be buried at its cliff base (Li). 

The general features of this instructive bight, as schematized in Fig- 
ure 20, may now be reviewed. Entrance and exit sections (E, T) mark 
the beginning and the ending of the preserved part of the Dume cliff 
(D, D, D) between the high headlands (H, H) where it has been cut 
away in the production of the Monic cliff and the highway wall. The 
Malibu cliff-base (M, M, M) between its inferred entrance and exit sec- 
tions (N, R) and below its cover-top (LL, L, L) are drawn in their sup- 
posed positions, in the hope that further observation, thus guided, may 
discover them. 

The last bight.—The mountain slope at the back of the terminal bight 
of this segment is of moderate acclivity. The entrance section of the 
Dume cliff behind its cover head is well shown shortly after rounding 
the apex of the headland at the bight beginning. Farther on, the shore | 
consists of low cliffs in alternating points and coves. The Dume cover 
is of reduced thickness through most of the bight, apparently because the 
mountains there recede and diminish in height. Several sections of the 
cobble- and gravel-bearing Dume platform are exposed under the cover 
along the irregular shore, both inside and outside of the highway. The 
last one of the platform salients, known as Harris Point (T, Figure 16), 
advances a little at the end of the bight, only to turn sharply into the 
slightly embayed mouth of Siquis Creek. No sign of the Malibu plat- 
form is seen here. 


HEAVY DUME COVER OF THE SIQUIS-TRANCAS SEGMENT 


The mountains approach the shore again in this segment with good 
height, and as they are uninterrupted by the deep valley of any large 
creek, the Dume cover is here continuously developed in large volume. 
It has been cut back in a strong cliff, and the cover head now survives with 
a breadth of a quarter mile back of the Monic cliff in exceptional con- 
tinuity. Its height along the flank of the mountains is 200 feet or more. 
A good general view of it may be had from Harris Point at the end of 
the preceding segment. Its gracefully sloping surface (Plate 42, B) may 
be conveniently examined from the highway which, after crossing the 
100-yard flood plain of Siquis Creek, rapidly mounts upon the slope, and 
there proceeds in galloping fashion over the fan swells and inter-fan sags 
and gulches of the cover head a hundred feet or so back of the cliffed front. 

Local floods from the smallest ravines of the mountain face are still 
building up the cover hy spreading their stony detritus on it; but the wet- 
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weather streams from the larger ravines have, since the retreat of the Monic 
cliff, reversed their former constructive action and are now cutting down 
sharp ravines, the sides of which are elaborately carved (Plate 43, A) 
into sharp-edged ribs and slender pinnacles. The ravines have been cur- 
sorily examined in the hope of finding mammalian fossils, but without 
success as yet. Some of the ravines give glimpses near their heads of 
the buried Dume cliff, cut in the weak beds of the Miocene belt. These 
beds are also occasionally seen on the mountain flanks above the Dume 
cover; but no sign of the Malibu platform has been found here. 

Two items of uncertain interpretation may be here mentioned. First, 
on the mountain flanks, 100 or 200 feet above the inner edge of the Dume 
cover, several smooth, out-crop free forms resembling maturely rounded 
and almost vanishing remnants of a Malibu cover stand forth from the 
ledgy slopes; but I have not had opportunity of ascending to them. Sec- 
ond, the highway cuts at the crossing of the first two ravines give some 
indications of rather sharp unconformities in the cover-detritus, which 
possibly record an erosional interval corresponding to the last Nonglacial 
Epoch. If verified, this would give support to the theory that Monic 
abrasion was then begun, as explained in Part II, and, after being inter- 
rupted during the last Glacial Epoch, was resumed in Postglacial time. 

The frontal Monic cliffs are composite: they show about 10 feet of 
rock below the Dume platform, which often bears a veneer of cobbles and 
gravels, and which is buried by from 40 to 80 feet of overlying cover. 
Where the cover is freshly exposed it is delicately carved by rills, as in 
Figure 18. The shoreline is but moderately sinuous in its alternations 
from blunt, rocky salients to slightly entrant, beached bights. The final 
salient, Decker Point, of more protrusive form, is followed by a strong 
inturn which soon leads to the end of the segment at Trancas Creek. 
Just as the general form of the Dume cover and its frontal Monice cliff 
in this segment is well seen from Harris Point at the end of the preceding 
segment, so now the general outline of the Point Dume triangle (Plate 
43, B) rimmed with white Monic cliffs, which occupies the following, or 
fourth, coastal segment, is well seen where the highway begins its descent 
from the Dume cover-head near the end of this segment. During the 
descent several beds of beach or dune sands of Dume date may be seen 
in the road-side cuts below a goodly thickness of well-bedded Dume cover. 


POINT DUME TRIANGLE OF THE TRANCAS-LATIGO SEGMENT 


Trancas-Zuma beach.—Although each of the three preceding segments 
of the coast has presented instructive individual features, none of them 
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gives so much or so definite information concerning the successive stages 
of coastal development as is furnished by the fourth segment now en- 
tered; for here stands, as shown in part in the Frontispiece and as sche- 
matized in Figure 21, the salient triangle of Point Dume, measuring 
nearly four miles along its mountain base and advancing about two miles 
into the sea; and here both the Malibu and the Dume platforms are 
clearly exhibited in highway cuts. But before they are discussed, the 
beautifully prograded Trancas-Zuma beach or strandplain (Plate 43, B), 
along the western outcurve of the Point must be described. It is named 
after the two creeks which mouth and lose their waters in it, and it is the 


Figure 21.—Schematic Diagram of Point Dume 


(M) apex of Malibu cliffs, (D) apex of Dume cliffs, (P, B) apices of Monie cliffs. 


longest and most regularly developed beach of the mountain coast; al- 
though another beach which turns southward where the shore leaves the 
mountains and passes under the cliffs, or “palisades,” of Santa Monica 
(Plate 47, B) is still longer. 

The Trancas-Zuma beach begins at the Decker inturn of the preceding 
segment, gains a width of from 300 to 400 feet along its mid-length in 
front of the low Monic cliff that has been cut back in the Dume platform, 
and after a 4-mile sweep ends at Point Dume. It is seen looking inland 
from over the Point in Plate 40. The aggradation of the beach has evi- 
dently resulted from a normal maturing of the coast. The Monie cliff 
back of the beach, cut in the gently slanting Dume platform, is of small 
height, and the detrital cover that is gathering at its base is, therefore, 
of small volume. Beaches of this kind may have been formed on both the 
Malibu and the Dume shorelines of Point Dume as they matured ; but it 
would be unreasonable to suppose that such beaches ever gained a breadth 
sufficient or a duration long enough to enable them to serve as the founda- 
tions of the Malibu or the Dume detrital covers, independently of changes 
of sea level. 

Certain gravel deposits shown at the mouth of Trancas Creek in the 
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low Monic cliff have been examined, and a provisional explanation for 
them has been found; but to save space neither facts nor explanation are 
presented here. 

Monic Cliff—The more general description of Point Dume may now 
be entered upon, taking the Monic, the Dume, and the Malibu features 
in reverse order of time. It is greatly regretted that, in spit of urgent 
and repeated requests for admission to the mile and a half of treeless and 
unoccupied but fenced and jealously guarded pastures which extend from 
the highway to the extremity of Point Dume, permission to cross them 
has not been granted by the owners of the extensive estate in which the 
Point is included. The expectation that the terminal rock of the Point is, 
like Point Mugu, a blue-water headland, on which the Monic sea has risen 
with little abrasion, therefore remains unconfirmed. The following ac- 
count is based chiefly on observations along the highway supplemented by 
notes from the Dume Point and Solstice Canyon sheets of the large-scale, 
5-foot contour map of Los Angeles County, surveyed and published by 
the United States Geological Survey, and by information from various 
other sources. 

As the Monic cliff (Plate 50, B) cut in the white Miocene beds of the 
detritus-covered Dume platform, is followed from Trancas Creek along 
its outsweeping curve to Point Dume, it is broken only by the valleys 
of Zuma and a smaller neighboring creek at the back of the prograded 
beach. It is noteworthy that the height of the cliff visibly increases ; and 
this is the first clear indication of a warping upheaval since the Dume 
platform was abraded. The cliff height increases from about 15 feet near 
Trancas Creek to 130 feet near Point Dume; but a part of this increase 
is more apparent than real, for near Trancas Creek the Monic cliff with 
its height of only 15 feet is half a mile forward from the shoreline of 
the Dume platform near the base of the mountains; and the true, or shore- 
line, altitude of the Dume platform at its inner margin is, therefore, taken 
to be 90 or 100 feet. But near the extremity of Point Dume the Monic 
cliff is cut back close to the Dume cliff, and there the height of the 
Monic cliff gives also a fair measure of the altitude of the Dume shoreline. 
- The mass of basaltic rock at the Point, shown in the foreground of 
the Frontispiece, is about 1,000 feet in diameter at its shoreline and some- 
what more than 200 feet in height. Tom Rock and other low ledges rise 
hardly above sea level a few hundred feet out from the Point.’ After 


®In a preliminary account of this coast in the Proceedings of the National Academy 
of Sciences for November, 1932, one of the large-scale maps named above wa’s erro- 
neously interpreted as showing two masses of resistant rock in the main Point: there 
is only one. 
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rounding the main salient thus determined, the Monic cliff does not at 
once begin its retreat, but continues with slight recession for a quarter- 
mile farther east, where it is held out by a second resistant ledge (B, Fig- 
ure 21) which rises little above the shoreline, as has been noted by a 
trespasser who had the luck to reach the end of the Point before being 
seen and expelled by an estate guard. Beyond this low ledge, the inturn- 
ing eastern curve of the cliff, with a narrow beach at its base, recedes 
landward even more rapidly than it advanced seaward on the west. 

Dume cliff and platform—The Dume cliff cannot be located where it 
is heavily cloaked back of Decker Point at the end of the preceding coastal 
segment west of Trancas Creek, but to the east of the creek (T, Figure 
21) its more thinly cloaked sloped is soon seen to sweep forward from near 
the mountains toward Point Dume. The width of its thinly buried plat- 
form diminishes from half a mile near Trancas Creek to less than an 
eighth-mile as the Point is approached. There the Dume cliff (D) stops 
800 feet short of the outer basalt knob, which was therefore converted 
in Dume time from a peninsula into an island. The flat space, thinly 
covered with detritus, between the apical turn of the Dume cliff and the 
inner side of the outer knob has an altitude of 140 feet; and the platform 
under the thin cover is estimated to stand at about 130 feet. There may 
remain some uncertainty as to the occurrence of a post-Dume upheaval 
of the coast in its second and third segments, where the Dume shoreline 
now stands at an almost uniform altitude of only about 25 feet for 8 or 
10 miles; but there can be no question of an upheaval in this fourth seg- 
ment and farther east along the coast where the Dume shoreline is so 
clearly out of level. It will soon appear, however, that its easily visible 
ascent in the western half of the Point Dume triangle is not uniformly 
continued farther east. 

The inturn of the cloaked Dume cliff on the eastern side of the Point 
Dume triangle sweeps back in a long curve (DREL) to the flank of the 
mountains. The platform in front of the cliff, trenched by several small 
creeks, may be well viewed from the highway where eastward descent is 
made from the Malibu upland to the Dume level. It is about half a mile 
wide near its mid-length where the Monic cliff is held out by its low rock 
knob (B). At the base of the highway descent a cut imperfectly exposes 
a section of the Dume cliff face in whitish Miocene beds back of its dark 
detrital cover. As the highway then continues eastward across the Dume 
bench, several good cutcrops in the swells between the trenches of the 
small creeks expose the thin detrital cover (Plate 50, C) resting on the 
bevelled Miocene beds. The altitudes of the platform as here shown, 
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taken in connection with their distance forward from the Dume cliffs, in- 
dicate that the cliff-base shoreline does not rise so rapidly on this eastern 
side of the Point as it did on the western, but holds about the same level 
that it gained at its apex turn. It is interesting to note that but little 
marine veneer of hard-rock gravels, like that found elsewhere, is seen 
here; the coarser part of the veneer in these cuts consists only of whitish 
Miocene scraps. This is evidently because the Dume cliffs were not here- 
abouts cut back to the mountain flanks; the small thickness of the cover 
is similarly accounted for. Where hard-rock gravels occur they must 
have been brought from the mountains by Ramera Creek (R, Figure 21). 

Malibu cliff and platform.—The Malibu platform remains to be de- 
scribed. Its abrasion seems, like that of the Dume and the Monic plat- 
forms, to have been retarded, but to a much less degree, by the basalt knob 
of Point Dume. The Monic sea has been effectively prevented by the 
knob, now well emerged, from consuming all of the Dume platform; 
the Dume sea was a little less effectively prevented by the knob, then less 
emerged, from consuming all of the Malibu platform; the Malibu sea ap- 
pears to have been much less effectively prevented by the very top of the 
knob, hardly emerged at all, from here consuming all of the piedmont 
belt of weak Miocene beds which it so successfully consumed all along 
the coast to the west and east. The surviving hills of that belt therefore 
occupy only a reduced triangular area, the apex of which (M, Figure 21) 
has been worn to a blunt outline, a mile and a half back from the outer 
basalt knob, and the inland base of which stretches about two miles along 
the flank of the mountains. This triangle is, moreover, somewhat un- 
symmetrically situated to the east of the middle of the larger triangular 
salient of the Point, presumably because it was more strongly attacked 
by the Malibu waves along its western side. 

The originally cliffed margin of the reduced triangular hill-space of 
Miocene beds has been maturely degraded in rounded hills since the 
Malibu waves withdrew from it; it now has gentle slopes, the top of the 
cliffs having retreated while detritus was spread forward from their base. 
Forward from these slopes the Malibu platform therefore now survives, 
after one encroachment upon its area and after two upheavals of its 
region, in a V-like pattern between an inner limit defined by the Miocene 
hills (M, Figure 21), which its sea did not consume, and an outer limit 
defined by the Dume cliffs (D), back to which its exterior part has been 
abraded in the production of the Dume platform. Similarly, the Dume 
platform now survives after one encroachment upon its area and one up- 
heaval of its region, in a larger V-like space between the smaller Malibu 
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V-pattern and an outer limit defined by the Monic cliffs, back to which 
its exterior part has been abraded in the production of the Monic plat- 
form, or present sea floor. 

The Malibu platform is crossed by the highway which, after following 
the base of the Monic cliff along the inner border of the Trancas-Zuma 
strandplain, turns up the east side of Zuma Valley, and thus reaches a 
faint sag (A, Figure 22) in the upland at an altitude of 200 feet, close 
to the apex of the surviving triangle of Miocene hills above described. 
The sag lies where two little valleys, draining west and east, head against 
each other. As the upland, which is surfaced by the detrital cover of the 
Malibu platform, has about 30 feet greater altitude half way (O) to its 
southern end (H) in the apex-turn of the Dume cliff than in the high- 
way sag (A) the cover at the sag has presumably been degraded from 
its original thickness by some such measure; and that is expectable enough 
in view of its exposure to erosion ever since its accumulation ceased, about 
the climax of the second-from-last Glacial Epoch. As to all this, a fur- 
ther statement is made below. 

During the ascent to the summit sag, one passes an excellent cutcrop 
of strongly inclined white Miocene beds adjoined by gravels, probably 
the outwash of Zuma Creek in Dume time. The most important cutcrops 
along the highway are on either side of the summit, each about 100 feet 
long, the better one on the west (Plate 44, A, with details in Plate 51, A 
and B). They show gently inclined Miocene beds evenly truncated by 
the Malibu platform at an altitude of 195 feet, the platform bearing a 
veneer of hard-rock cobbles and gravels, which must have been brought 
from the mountains by Zuma Creek and drifted from its mouth a short 
distance eastward to this locality. On the cobble bed rest 8 or 10 feet 
of what are taken to be beach sands, delicately ribbed by rills; and 
these are buried by from two to four feet of fine-textured subaerial cover, 
with a foot or so of humus on top. It will be told below that the cover 
is here reduced by post-Malibu erosion to much less than its original 
thickness. 

There must be more of the Malibu platform in the upland adjoining 
the reduced triangle of Miocene hills, but it is nowhere else exposed to 
view. The total length of its exposure along the highway is so small that 
one cannot say whether it has been here delevelled or not, although it 
must, of course, have suffered all the warping that the later abraded Dume 
platform suffered in the next-to-last Glacial Epoch, as well as what- 
ever warping took place in the preceding Glacial Epoch. 
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The buried Malibu shoreline at the cliff base (M, Figure 22) of its 
reduced triangle of Miocene hills lies so near the platform cutcrops on 
the highway (A) that the shoreline altitude there cannot be much over 
200 feet. A mile farther south where the Malibu platform (MU) is cut 
back in the Dume cliff (H), the platform should, if it retains its initial 
slope of abrasion, be at least 100 feet lower than at the highway ; that is, 
it should stand at an altitude of about 100 feet. The top of the Malibu 
cover at (H) on the Dume cliff has an altitude of 225 feet; and that 
gives a local thickness of roughly 100 feet for this part of the Malibu 
cover, which is astonishingly great in view of its distance from the moun- 
tainous source of cover detritus, and of the long time since its deposition. 
This estimate of its thickness is, however, based on the postulate that the 
two upheavals which the region has suffered since Malibu time have not 


FIGURE 22.—Section along Avis of Point Dume 


(NM) Malibu cliff, (A) highway, (MU) Malibu platform, (O) Malibu cover, (GF) Dume 
cliff and platform, (D) basalt knob of Point Dume. 


affected the seaward slope of the Malibu platform; and that is by no 
means proved. Indeed, considering the excessively great thickness 
of the Malibu cover resulting from that postulate, its correctness is alto- 
gether improbable, and it is therefore now explicitly withdrawn. The 
truth of the matter will remain unknown until the height of the Malibu 
platform at the apical turn of the Dume cliff face can be determined by 
observation. 

A few words remain to be said about the chief creeks of this segment. 
Zuma Creek (Z, Figure 21, and Plate 44, B) to the west of the highway 
summit, and Remera Creek (R, Figure 21) to the east, on issuing from 
their deep valleys in the mountains cut shallower valleys across both the 
Malibu and the Dume platforms, as do several shorter streams also, on 
their way to the Monic shore; but the valley sides do not appear to expose 
serviceable outcrops. The last two creeks of the segment, Escondido and 
Latigo (E and L, Figure 21), make pronounced eastward turns a short 
distance back in the mountains. The turns are perhaps inherited from 
deflections behind east-growing beaches at an earlier and higher shoreline 
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than the Malibu. Between the two creeks at the end of the segment is a 
good example of an inturn of the shoreline as it passes a small body of 
resistant rock. Next east of the Point, near Escondido Creek, a branch 
road turns north over the mountains, from which, after following it a mile 
or more, an impressively fine view of the eastern half of Point Dume may 
be enjoyed. 

GROWING MONIC CLIFFS OF THE LATIGO-MALIBU SEGMENT 


At the beginning of this segment the Monic cliffs are cut back nearer 
to the mountains than they were at the beginning of the preceding seg- 
ment. This is perhaps because a great part of the detritus that was 
drifted eastward from the preceding, or Sequis-Trancas, segment, has 


F1IGuRE 23.—Dume Platform Exposure 


Under its cover at corner of Dume terrace adjoining the valley of Malibu Creek. 


been either deposited in the Trancas-Zuma strandplain or deflected off 
shore by the strong advance of Point Dume. The waves east of the Point, 
thus freed from extra work imposed on the waves west of the Point from 
more western segments, have therefore been unusually active in their own 
work of abrasion. 

A short distance beyond Latigo Creek, where a good back-view of Point 
Dume may be had (Plate 51, C), is a blunt advance of the Monic cliff 
(Plate 52, A), with marked increased of steepness and height; and at its 
top a narrow, gravel-covered remnant of the Dume platform is preserved 
(Plate 52, B and C) in front of its cliff which, now flanked with its own 
detritus, rises boldly a little distance in the rear. The Dume shoreline 
here is estimated to stand: at an altitude of 120 feet, and that makes it 
somewhat lower than it was at Point Dume. The platform soon gains 
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width eastward in a well defined terrace, from a quarter to half a mile 
across, of truncated and covered Miocene beds, which may be reached by 
a side road turning from the highway at the next creek, Solstice. A lane, 
marked “dangerous but passable,” leads from the side road along the 
terrace for nearly five miles to the wide valley of Malibu Creek, the largest 
of the mountain streams. The higher mountain slope, which rises with 
moderate steepness from the back of the terrace, shows no signs of a 
higher Malibu terrace; and the side road which ascends that slope ob- 
liquely from Solstice Creek shows no cobbles or gravels in its cut-bank 
above those of the Dume terrace which are clearly exposed. But cobbles 
are repeatedly seen in lane-cuts on the Dume terrace. The frontal Monic 
cliff is much damaged by local landslides. At the end of the terrace, 
where it is cut off by Malibu valley, an excavation in its front corner gives 
(Figure 23) an excellent exposure, at an altitude of 125 feet, of the Dume 
platform, which truncates the gently inclined Miocene beds and is covered 
with 15 or 20 feet of detritus. The Dume shoreline, nearly half a mile 
back from the terrace corner, may there have an altitude of 210 feet. 
Thus, its eastward increase of altitude, lost at the beginning of this 
coastal segment, is now regained. 

From the same terrace corner, one gets an admirable view (Plate 45) of 
a broadened beach-spit, built up with the houses of a “Movie Colony”— 
the first village-like settlement encountered on the coast—which stretches 
obliquely off shore for half a mile from the west side of the valley mouth, 
and thus encloses a marshy patch on the valley floor. The cause for the 
out-turning of the beach-spit is found in a group of low rock ledges or 
skerries (Plate 53, A), to which its far end is attached.1° The creek has, 
like several others, not only cut down its Monic valley through the uplifted 
Dume platform, but has deepened the valley below present sea level dur- 
ing the time of sea withdrawal between the Dume and the Monic sea ad- 
vances; that is, during the next-to-last or the last Glacial Epoch. It 
should be recalled that this creek is one of two that have been cited (page 
1071 as showing, a little distance inland, a valley form suggestive of two 
cycles of erosion. The other is Topanga Creek, a few miles farther on, 
where the depth of Monic valley erosion is even greater than here. That 
valley is also of two-cycle cross profile where it transects a thick and in- 
clined body of resistant sandstones and conglomerates which strike across 


its course. 


10 This beach-spit has been called a delta in the description of the calabasas topographic 
sheet issued by the United States Geological Survey. 
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HIGHER MONIC CLIFF OF THE MALIBU-TOPANGA SEGMENT 


Pottery strandplain.—East of the Malibu valley the Dume terrace is 
seen again with about the same width and height as before; but it is soon 
worn back at an inturn of the shore into a long and slightly entrant bight, 
the Monic cliff of which, still cut in the belt of weak Miocene beds, is 
now well cloaked with detritus. The bight is occupied by a beauti- 
fully developed strandplain, 200 or 300 feet in width, which may be 
named the Pottery Strandplain after its most significant cultural fea- 
ture. Its first half is backed by a narrow detrital terrace, 20 or 30 feet 
in height, which appears to be yet another of the local indications of a 
late and slight Monic uplift of the coast, whereby the sea was first caused 
to withdraw and then allowed to cut its way back at a somewhat lower 
level than before. The low terrace appears to represent the rapid infilling 
at the base of the abandoned cliff, the greater growth of which was pre- 
vented by the return of the sea. Its complete destruction has been accom- 
plished in the eastern half of the bight, but the growth of the strandplain 
saved it from that fate in the western half. Unfortunately no cutcrops 
make it possible to verify this somewhat adventurous explanation ; never- 
theless, the repetition of these local features at various points along the 
30 miles of shoreline gives support to the supposition that the upheaval 
which is thought to have caused them affected the whole length of the 
mountain coast. 

Highest Monic cliffs.—Following the bight of the Pottery Strandplain, 
a blunt salient, cut back in a low berteh and a high wall for the highway, 
exposes moderately resistant mountain rocks in which the Monic cliffs, 
having cut away all the Dume terrace, now rise well above the Dume 
level. Then comes a short, less cliffed, and moderately prograded bight, 
over which the Dume terrace reappears. At the far end of the bight- 
beach a small settlement borders the mouth of Flores Creek. The roads 
of a real-estate subdivision on the hilly slope back of the bight-beach 
ascend to and above the level of the Dume-terrace, but landslides have 
disturbed its form. Next east of the creek, the terrace comes forward in 
an undisturbed bluff with increased breadth; the Dume platform here 
stands at an altitude of over 150 feet and bears a 20- or 30-foot detrital 
cover. The buried Dume shoreline at the base of high hills not far back 
should have an altitude approaching 200 feet. The terrace is, however, 
soon cut away again by the Monic cliff, which there (Plate 53, B) gains a 
continuous but by no means vertical ascent to an altitude of 600 feet, its 
greatest height. Coastal forms of these kinds alternate for a mile or two. 
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Thus the end of the segment is reached at the mouth of Topanga Creek, 
where a village is situated, some of its smaller houses stilted up over the 
floodplain (Plate 53, C). Hereabouts the very considerable amount of 
abrasional work done by the Monic waves in cutting away all the strongly 
upheaved Dume platform and in attacking the mountains behind it is a 
notable feature of this segment. 


SANTA MONICA BAYHEAD IN THE TOPANGA-TEMESCAL SEGMENT 


Composite cliffs of the bayhead.—High cliffs continue beyond the 
mouth of Topanga Creek for a short distance. Then the Dume terrace 
reappears, still well elevated, narrow at first but rapidly widening east- 
ward. At its narrow beginning, shown in Plate 46, where the cover is 
probably rather heavy as the mountains rise to good height directly back 
of it, the bench has an altitude of 220 feet; the Dume shoreline angle 
must there be significantly lower. The reappearance of the terrace is 
because the task of cutting back the strongly upheaved and heavily covered 
Dume platform, which the Monic sea has thus far so successfully accom- 
plished, here becomes too great for it by reason of the continued eastward 
increase of the upheaval; and the rapid eastward widening of the terrace 
is because its piedmont head trends a little north of east while its front, 
along the present Monic shoreline, soon turns southeast and so continues 
beyond Temescal Creek. The great bight thus developed is known as 
Santa Monica Bay. Let it here be recalled from a late section of Part I] 
that the abrasion of the bay is thought to have occupied not only the Post- 
glacial Epoch, but also the time of rising sea level that was associated with 
the last Nonglacial Epoch. The two epochs of abrasion, both included 
under the term, Monic, are not separable because no significant upheaval 
of the land took place between them. 

The shore of the bay is divided by two hard-rock salients of small ad- 
vance into three slightly entrant, non-prograded minor bights. Here, 
some lately built strings of small bungalows and cabins, perched as if on 
stilts along the road-side bank over the beach, are likely to be damaged 
by the next severe storm. The upper slopes are gradually being occupied 
by substantial residences, as the distance from the rapidly growing cities 
of the Los Angeles plain is moderate (Plate 54, C). 

This part of the coast is described by Hoots as “of complex structural 
condition” and as “composed of a series of small fault blocks now largely 
concealed under Pleistocene [Dume] alluvium” (1931, 127). Most of 
these faults may be of earlier production, but two of them, trending about 
square to the shore, are manifestly of post-Dume date, as the mile-wide 
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block between them which constitutes an inter-ravine section of the Dume 
bench in the middle, or Castellamare, minor bight (under the cloud 
shadow in the background of Piate 47, A) is moderately tilted to the west. 
Its western side sinks well below the normal level of the bench; its other 
side rises above to the excessive height of 300 feet bordering the eastern 
ravine, which is known as Santa Inez canyon. A roadside cutcrop on the 
upland near the middle of the block shows thin gravel cover (Plate 54, A), 
lying on what is taken to be the tilted Dume platform, there slightly dislo- 
cated by a small fault. 

In the final mile before reaching Temescal Creek, the Monic cliffs, 
normally rising about 200 feet above their beach to the slanting Monica 
plain, have been much lowered by several landslides, which may be easily 
examined from roads that ascend their disorderly slopes. The largest, 
with a quarter-mile front, lies next northwest of the mouth of Temescal 
Canyon. Between two of these slides an undisturbed spur of the plain 
advances to the cliff front. Its safety is probably greater than would 
seem at first sight, for since the neighboring slides have taken place, not 
only has their basal bulge been well trimmed back by the sea, but the 
general retrogression of the shore has here been reversed to the prograda- 
tion of a broad beach, built of the sands brought from the head of the 
bay which is still retreating. Moreover, the beach is now broadening ac- 
tively by the aid of a number of long groins, all of which are filling on 
the northwest side, as shown in Plates 47, A and B, and 54, B. Hence, if 
the cliff base is not undermined, realtors are perhaps well advised here in 
taking no account of the supposititious dangers that are geologically so 
disturbing ; but farther south, where much of the width of the beach is 
occupied by club houses and other structures, the widening of the high- 
way, now in progress, has involved an undercutting of the cliff base at the 
back of the beach, with the natural result of causing new slides, some of 
which have continued in slow mo ‘on for several months; and this is by 
no means reassuring. 

The altitude of the Dume platform is well shown in a spur of the plain 
back of the northernmost landslide, where Beverly Boulevard, which 
branches from the coastal highway at the mouth of Santa Inez Canyon, 
next east of Castellamare, and ascends to the plain back of the slide, 
makes a long cut in the spur side. The platform thus revealed (Plate 
16A and B) stands at an altitude of 180 feet, with 20 feet or more of 
Dume cover on it. The Dume shoreline is probably half a mile farther 
north, where its altitude should be significantly greater. 
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Enormous volume of bay excavation.—The enormous volume of the 
wedge of material removed in the abrasional excavation of Santa Monica 
Bay since the post-Dume elevation of the coast and the adjoining sea 
floor deserves attentive consideration. Before the excavation began the 
land extended as a gently slanting plain to a line running eastward from 
a point a mile or so south of Point Dume to Venice, three miles south of 
Santa Monica; this increase in the area of California over what it had 
had at the climax of the Dume encroachment was given by the lowering 
and withdrawal of the Dume sea, while an increase in both the area and 
the volume of the State was given a little later by the eastward increasing 
and rapid upheaval of the detritus-covered Dume platform, which reached 
a measure of some 200 feet at the present head of the bay. When Monic 
abrasion began, attack was made on the thin outer margin of the wedge. 
As the sea slowly rose and the attack continued, thicker and thicker parts 
of the wedge were consumed. 

Let it be recalled that the total Monic abrasion was probably accom- 
plished in two epochs of rising sea level, or deglaciation, separated by 
one (the last) of lowering sea level or agglaciation. In the first epoch, 
which was probably longer than the second, the greater part of the bay 
was presumably excavated. In the second epoch the reduction of the first- 
epoch platform, and whatever cover had accumulated upon it, to a second 
platform was accomplished. This platform should have been abraded, at 
a slightly lower level than the first, as far back as the high cliffs of the 
first platform; and this phase of abrasion should have been relatively 
rapid, because the then-retreating cliffs were so low that they did not yield 
much detritus to the waves to be comminuted and swept out to deeper 
water. But when the second-epoch attack was made on the high cliffs of 
the first platform, their retreat must have been much slower. They were, 
however, everywhere pushed farther back in the second epoch than the 
position in which they were left at the close of the first epoch ; for nowhere 
in the cliffs of the existing bay head is any abraded platform seen at a 
lower level than that of the upheaved Dume platform. The attack on 
the bay-head cliffs is still going on along most of the shoreline from Point 
Dume to Castellamare; but to the east and southeast of that point, retro- 
gradation of the shoreline is now replaced by progradation. 

Had the bay wedge been composed of mountain-making rocks like those 
of Point Mugu, no such vast excavation could have been accomplished, 
and over-large California would today have been larger still by a few 
square miles. But most of the wedge appears to have consisted of weak 
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Miocene beds covered with a detrital embankment of marine deposition 
in its outer part. Mountain-making rocks were not attacked until the 
present stage of abrasion was nearly reached and then only along the coast 
west of Castellamare, where they are by no means of the most resistant 
nature. To the east and southeast of that point the shore cliffs of today 
are cut back in weak material near the top of which the Dume platform is 
frequently seen in section under a cover of moderate thickness. 


CLIFFED RORDER OF THE MONICA PLAIN FROM TEMESCAL CANYON 
TO VENICE 

Cliffs of the plain.—The sweeping curve of the long Monice cliffs along 
the eastern side of Santa Monica Bay cuts obliquely across the slanting 
Monic Plain in its five-mile descent from the mountains to the lowland 
back of Venice. When one stands in the cliff-top park of the city of 
Santa Monica, the northwestern extension of the cliffs, with increasing 
height to the bay head at Castellamare in the preceding segment, is seen 
as shown in Plate 47, A; their southeastern extension with decreasing 
height toward Venice is given in Plate 47, B. It is worth recalling that, 
over 40 years ago, a long pier for the landing of ocean-going vessels was 
built out from the beach at the mouth of Potrero Canyon, seen in the 
middle distance of Plate 47, A, half a mile southeast of Temescal Canyon ; 
and that about 1893 the United States customs officials, perhaps urged 
thereto by railroad interests, named the point Port Los Angeles instead of 
Santa Monica. Since then this open and unprotected roadstead has been 
abandoned in favor of a well enclosed harbor, artificially enlarged and 
deepened, in a lagoon enclosed by a sand beach, next east of the promontory 
of San Pedro, 20 miles southwest of Los Angeles, and the pier at Santa 
Monica has been removed. The construction of a breakwater there is now 
under discussion, as the population has greatly increased. As late as 
1904 the prograded strand thereabouts was unoccupied, as is shown by 
a photograph taken in that year by the present director of the United 
States Geological Survey, W. C. Mendenhall, and reproduced in Plate 29A 
of Hoots’ report. Today the strand is even more crowded with beach- 
clubs and other seaside establishments than appear in Plates 47, A and B, 
taken about 1925. 

Valleys of the plain.—Inland from the coast the deep and wide valleys, 
excavated in the cliffed Monica plain by small, wet-weather streams, are 
about as impressive as measures of great erosional work in Monic time as 
Santa Monica Bay is as a measure of abrasional work. The initial sur- 
face of the plain was remarkably smooth, as may be seen in its profile 
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in the middle distance of Plate 54, C. A number of excellent road-side 
cutcrops, especially along Beverly Boulevard, show the plain to be com- 
posed of coarser and finer, irregularly stratified detritus from the moun- 
tains, like the parts of the Dume cover farther west where it consists of 
stream-laid material ; and the Monica plain‘is, for this reason, taken to be 
the eastern extension of that cover. But it is a part where, because of 
its considerable distance forward from the mountains, rill wash from 
the Dume cliffs and from the mountain flanks above them is less in evi- 
dence than stream wash from the mountain valleys. This part of the 
cover must, therefore, have been formed when the streams were impelled 
by the withdrawal of the Dume sea to aggrade their forward-wandering 
courses across the Dume platform, before the post-Dume upheaval of the 
coast gave the aggraded platform a slope which compelled the streams 
to cut down new valleys in it. Some of the valleys are incised into the 
underlying weak rocks of the platform; others are only cut into the 
covering detritus. 

Thus far only two exposures of the Dume platform under the gravels, 
discovered by others and to be described below, have been seen in the 
plain, and no exposures of the Dume cliffs, still less of the Malibu plat- 
form and cliffs, have been found at the head of the gravel deposits, al- 
though a few near approaches to the Dume cliffs have been noted. Several 
extensive roadside cuts in this district, trending about parallel to the 
slope of the plain, have been repeatedly examined to see if they expose 
disconformities within the detrital deposits, suggestive of the subdivision 
of Monic time into two epochs of littoral abrasion, separated by an epoch 
of cover deposition, but without finding any; perhaps because the trend 
of the cuts is not favorable to such exposures. One cut, transverse to the 
slope of the plain, does, however, show disconformity. It is at a relatively 
high level on the Beverly Boulevard, half a mile northwest of the Uni- 
versity of California at Los ‘Angeles. It exhibits clearly, as shown in 
Plate 55, C, what is taken to be a headward extension of the Dume cover 
above and back of its cliff top, where it lies with striking unconformity 
on the tilted and much eroded Miocene beds of the mountain flanks. It 
also exhibits. but less clearly, a disconformity between a lower body of 
light reddish detritus and a higher body of brown detritus, which seems 
to give support to the idea that Monic time included two epochs of sea 
withdrawal and detrital deposition, separated by a relatively brief epoch 
of sea rise and littoral abrasion. The exploration of the plain has been, 
however. bevond the purpose of my study; it has been examined only 
incidentally on the way to and from the coast. Its detailed exploration 
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will probably reveal many significant structures, which it is hoped will 
yield more conclusive evidence on the point here discussed. 

It is possible that, as has been noted in Part I, both the Malibu and 
the Dume cliffs were replaced by sandbeach spits, turning somewhat to 
the south from the mountains as distance eastward along their shoreline 
increased : the reason for this supposition being that the force of the waves 
must have been increasingly weakened in that direction because of the 
outstanding island, 17 miles to the south, which now constitutes the 
peninsular highland of San Pedro. In this connection, the suggestion 
made by Tangier Smith over 30 years ago may be quoted from his dis- 
cussion of “wave-and-current-built” embankments, in this region; for he 
then thought he had recognized the discontinuous remains of such an 
embankment which “begins at the north about five miles east of Santa 
Monica, and extends as a low and broad ridge southeasterly across the 
entire Los Angeles embayment” (1900, 223). Later observation has not 
confirmed this suggestion. A large spit may have very probably begun to 
grow out obliquely into the bay at or near this point, but its extension 
across the whole width of the bay is doubtful. 

Hoots’ description of the plain.—Hoots’ description of the Monica 
plain is as follows: “Non-marine Pleistocene deposits of the high dis- 
sected alluvial plain west of Beverly Hills are well exposed in the sea cliff 
and canyon walls northwest of Santa Monica and in the many new cuts 
along streets and roads that cross this plain, particularly Beverly Boule- 
vard. These deposits range in thickness from a few feet to at least 200 
feet, are dark brown, and are composed of poorly sorted angular rock frag- 
ments as much as several feet across, which are embedded in a soft matrix 
of reddish-brown clay and sand. Bedding is characteristically indistinct 
and irregular [see his Plate 29 B]. . . . This nonmarine material has 
been deposited by streams that flowed south from the Santa Monica Moun- 
tains in Pleistocene time and dumped much of their load of sediment 
before reaching the ocean. Since the Pleistocene epoch marine erosion has 
been active along this part of the coast, and as a result the shore has been 
cut back to a point several miles north and northeast of its earlier position. 
This marine planation has thus materially reduced the distance which 
the streams from the north traveled to reach base level, a condition which 
was an influential factor in forcing the streams to cut deep canyons in the 
Pleistocene alluvial plain” (1930, 122, 123). Although local unconformi- 
ties due to stream channeling and crossbedding abound in these deposits, 
no mention is made of a larger unconformity which might indicate that 
they represent two epochs of deposition separated by an epoch of erosion. 

It is later noted that upheaval also has promoted dissection, and it is 
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added that, inasmuch as the canyons are terraced, the upheaval was prob- 
ably intermittent rather than continuous. It is further stated that changes 
of climate during Pleistocene time are worthy of consideration in this 
connection, because variations in the amount and the character of rainfall 
may then have “played an important part in stream-terrace development” 
(130) ; but nothing is said, either in connection with the formation or 
the dissection of the plain, concerning the withdrawal of the shore line in 
consequence of the Glacial lowering of sea level, which is a less equivocal 
consequence of Pleistocene climatic conditions than variations in the 
amount of rainfall; nor are piedmont platforms of abrasion mentioned. 
The latter omission is probably to be explained by the limitation of Hoots’ 
work to the eastern part of the mountains, where such platforms of abra- 
sion are much less open to observation than they are along the cliffed coast 
farther west. 

The Monic cliffs, on passing into this final segment, continue the com- 
posite character which they had in the preceding segment; but they be- 
come simple in half a mile because of the disappearance of the weak under- 
lying beds beyond a fault which enters the cliff face obliquely at the mouth 
of Potrero Canyon. The fault has, according to Hoots, a downthrow of 
170 feet on the south: it is traceable eastward on the cliff-top plain for a 
quarter-mile in the form of a south-sloping terrace of small height, which 
suggests that its throw was not all accomplished at once; but the physio- 
graphic history of the fault has not yet been clearly worked out. Like the 
Castellamare faults, this one also is of post-Dume date and may be plaus- 
ibly associated with the eastward-increasing upheaval of the coast. 

Marine fossils on the Dume platform under the plain.—Fossils have 
been found in the downthrow block under the gravels at the mouth of 
Potrero Canyon, a little below the highway level; also in the other block, 
nearly a mile up the same canyon, at an altitude of 250 feet; these being 
the two localities where the Dume platform is exposed, as noted above. 
Concerning the up-stream locality, Hoots writes that five feet of sand 
“rests directly upon the tilted [and eroded] Pliocene rocks and under- 
lies about 50 feet of coarse brown alluvial-plain detritus [Dume cover]. 
This thin body of sand contains a well-preserved marine molluscan fauna 
of about 125 species” (1931, 121). He quotes Woodring regarding the 
fossils as follows: “This is a distinctly warm-water fauna. . . . The 
stratigraphic position of the sands carrying these beautifully preserved 
shells and the warm-water aspect of tlie fauna indicate that they are of 
upper San Pedro age” (122). It is gratifying to learn that paleontologic 
evidence thus supports the inference that the Dume abrasional epoch of 
the coast represents a late Nonglacial Epoch. 
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Part IV. Marine TerRAcES ELSEWHERE IN CALIFORNIA. 
TERRACES OF THE SOUTHERN COAST 


Terraces of the Los Angeles region and farther south.—Marine ter- 
races have long been known at many points and at various altitudes on the 
southern Californian coast. Those on the San Pedro promontory, altitude 
1,475 feet, 20 miles south of the Santa Monica coast, have been described 
by Lawson at altitudes of 1240, 1040, 960, 860, 700, 550, 400, 300, 240, 
160 and 120 feet (1893, 137). The same observer states that on the island 
of San Clemente there are 17 “great terraces which appear to be of amaz- 
ingly recent formation,” as well as many others less marked (1893, 129). 
Tangier Smith has recently reported the occurrence of 14 benches on the 
island of Santa Catalina, up to a height of 1,700 feet. The movements of 
this island are therefore regarded as resembling those of its neighbors 
(1900, 1933). 

Farther southeast, about midway between Los Angeles and San Diego, 
a 20-mile stret of sub-mountainous coast, made of fairly resistant and 
moderately deformed sandstone, is strongly cliffed along its shore in a 
succession of ragged points alternating with smoothly beached coves. Its 
slopes are rather well terraced at two levels, which may perhaps correspond 
to the Malibu and the Dume terraces of the Santa Monica coast. The 
lower terrace, bearing a heavy detrital cover, is occupied at well spaced 
intervals by the shore resorts of Corona del Mar, Laguna, and Dana 
Point.* The roads lately opened lay bare many cutcrops in which excel- 
lent sections of the first-terrace floor are displayed, but without revealing 
its inner, cliff-base margin ; that margin could, however, probably be found 
by climbing the sides of the mountain-slope ravines. As well as I could 
judge when driving along the main highway, the elevation of the first 
terrace increases southward from about 150 feet at Corona del Mar to 400 
feet at Dana Point. 

One of the coves of this cliffed shore is known as Three-arch Bay, be- 
cause the low and narrow isthmus which leads to the peninsula on its 
northern side is perforated by three sea caves. Its southern point, outlined 
in Figure 24, gives a characteristic exhibit of the wave-cut platform of the 
first terrace obliquely truncating the inclined sandstones and buried under 
its cover of yellowish sands washed down from the mountain slopes; 


1 It was from a bold salient near the southern end of this stretch that R. H. Dana, 
in his “Two Years before the Mast,” threw hides down to a stony beach felow in 
April and October, 1835. On his second visit he descended the cliff, said to be over 
300 feet in height, by a rope, to dislodge half a dozen hides that had caught on a 
projecting ledge, and was called a fool for his pains by his captain. The southern of 
the three shore resorts thus gains its name. 
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veneers of cobbles and gravels are occasionally seen at the contact. A 
small lagoon, now filled to give more space for the second of the above- 
named shore resorts, formerly occupied the mouth of a deep valley which 
transects the mountains near their mid-length ; the over-deepening of the 
valley was probably accomplished during the lowered stand of the sea in 
the last Glacial Epoch. 

Next farther southeast and south, the shore has been continuously cliffed 
for 40 miles in weak, horizontal sandstones. The cliffs have been cut back 
in an elevated platform of earlier abrasion which frequently has a breadth 
of half a mile or more at altitudes of 75 or 100 feet, before a slanting ascent 


FIGURE 24.—South Side of Three-arch Bay, near Laguna 


Showing cover on platform of abrasion. 


is made over the infilling cover of its inner, cliff-base margin to a still 
higher and earlier abraded platform, farther inland. Since the present 
shore cliffs were cut, the shore has been affected by an undulating deforma- 
tion of small vertical measure and of very recent date, of which no sign 
is manifest in the sub-mountainous coast to the northwest. The undula- 
tion is most marked in a slight elevation, whereby the former sea floor 
along the first 10 miles of the cliffed coast has been raised 10 or 20 feet, 
long enough ago for most of the emerged floor to have been cut away again, 
so that it is now seen only in a narrow bench; yet not long enough ago for 
more than a very small talus to have accumulated at the cliff base. A 
railway and a highway have been laid on the bench. Farther on, where no 
such emergence appears to have taken place, the waves are still cutting back 
the cliffs ; and here both lines of travel take to the first terrace; but they 
have to descend where they cross the many valleys by which the terrace is 
trenched. Most of the valleys have been embayed, as is well shown on the 
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Oceanside sheet of the United States Topographic Map; but the embay- 
ments are now closed by heavy beaches and are largely filled with marshy 
flats. The over-deepening of the valleys here, as at Laguna, may be 
ascribed to stream erosion during the lowered stand of the sea in the last 
Glacial Epoch. Between several of the embayed valleys on either side, two 
valleys are occupied by cultivated fields; and this suggests a second and 
minor undulatory upheaval. Both upheavals must be of late Postglacial 
date. 

About San Diego, Ellis and Lea (1919) and Hanna (1926) have de- 
scribed a number of marine terraces, the highest at an altitude of 1,300 
feet. Some of them are belted by sand-dune ridges, from 25 to 75 feet 
in height, formed on the lines of beaches where the sea paused in its with- 
drawal. 

A statistical method of terrace analysis—As far as I have read, no 
discrimination has been attempted between diastrophic and climatic causes 
of change in the relative attitude of land and sea, which have been respon- 
sible for the abundant terraces of the southern Californian coast. It may, 
indeed, be difficult to make such discrimination where terraces abound. 
However, the following suggestion, which somewhat resembles the statis- 
tical method of investigation so successfully employed in certain astro- 
nomical problems, is offered as a possible means of detecting records of 
abrasion during epochs of deglaciation—or on-coming nonglacial epochs— 
on coasts where numerous terraces are found. The chief postulates of the 
suggestion are, first, that where terraces are now still visible at altitudes of 
1,000 feet or more, the elevation of their coasts has been more recent than 
that of the Santa Monica coast, on the upper slopes of which no terraces 
are now recognizable; second, that the upheaval of these coasts has been 
much more rapid than the rise of sea level during an epoch of deglaciation ; 
and third, that abrasion by a rising sea is relatively aggressive and vigorous, 
while in a falling sea it is commonly so weak that the sands of beaches and 
the veneering deposits are left on the sea floors from which the waves 
withdraw. 

On this basis it may be inferred that all terraces which are cut by the 
climatically rising sea during the pauses in the upheaval of an actively but 
intermittently rising coast will be strengthened ; but all terraces the cutting 
of which is attempted during a climatic lowering of the sea will be weak- 
ened, perhaps to the point of imperceptibility. It is eminently possible 
that, in individual cases, the strengthening or the weakening of terraces 
thus determined may be masked by special conditions; but if some 20 or 
30 examples of numerously terraced coastal slopes in a given region are ex- 
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amined, a majority of them should show as many alternations of stronger 
and weaker terracing as there were climatic rises and lowerings of sea level 
during the time of terrace production. The groups of stronger terraces 
would indicate epochs of rising sea level or deglaciation ; the weaker ones, 
epochs of lowering sea level or agglaciation. The corresponding groups of 
stronger terraces should be synchronous, and the time occupied in their up- 
heaval might thus be measured in terms of glacial epochs. Successive 
groups of stronger terraces on adjacent coasts might be expected to show a 
closer agreement in their horizontal than in their vertical separation, be- 
cause the first is roughly a measure of time, which must be the same on 
all coasts, while the second is a measure of rate of upheaval which may vary 
from place to place. To my regret, available Californian records of abun- 
dantly terraced coastal slopes are not sufficiently detailed or sufficiently 
numerous to make the application of this method of analysis possible. 

Santa Barbara coast.—The east-west Santa Barbara coast, beginning 
30 miles northwest of the Santa Monica Mountains and extending 40 miles 
westward, is backed by the Santa Inez Range which from three to six 
miles inland rises to altitudes of 4,000 feet. The seaward slope of the range 
consists of steeply south-dipping sandstones, which are clearly exposed in 
many monoclinal ridges notched by consequent ravines. Foothills, best 
developed from 8 to 15 miles west of the city of Santa Barbara, where 
their large-bodied, maturely dissected forms occupy a belt from three to 
five miles in width, rise in their frontal part to fairly equable altitudes of 
500 feet; their treeless slopes, usually soil-covered and cultivated, occa- 
sionally exhibit irregularly deformed strata. These hills fall off in a 
convexo-concave slope along a rather well-defined frontal margin to a low 
coast plain, which gradually decreases in breadth westward from two or 
three miles to less than one, and which slants southward from an altitude 
of about 150 feet along its inner margin at the base of the foot-hills to the 
shore cliffs. The cliffs are 50 or 60 feet in height where the plain is nar- 
rowest, but barely 20 feet where it is broadest, not so far west. 

The streams coming from the consequent ravines in the mountains have 
maturely dissected the foot-hill belt, as if it were of earlier emergence, and 
only submaturly dissected the coast plain, as if it were of later emergence. 
The plain, which I have driven over on several occasions in recent years, 
is thus reduced to a succession of narrower or broader spurs of accordant 
altitude between the stream valleys. The frontal cliffs, the highway, and 
the railway, which run sub-parallel to each other for some miles, show 
sections of the plain which clearly demonstrate it to be a platform of 
abrasion bearing a veneer of cobbles, sands, or muds with marine fossils, 
under an outwashed cover of subaerial detritus, the concave profile of 
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which fills in the suspected shoreline angle where the inner margin of the 
platform meets the base of the supposed cliff in the foot-hill front. There 
can be little question that the coast plain represents the Dume platform of 
the Santa Monica coast, and it is probable, though by no means proved, 
that the former upland now dissected in the frontal part of the rolling 


FIGURE 25.—Simplified Diagram of the two Abrasional Levels west of Santa Barbara 


View looking northwest. The detrital cover of the lower or Dume platform forms the 

Coast Plain (R R R); it is trenched by open valleys, cut back by the sea in cliffs, and 

traversed by highway and railway. Back of the plain the Dume cliffs (E E), are of 

ordinary height, where they rise to the Malibu platform (U U), but they gain height 

where they have cut away all of the Malibu platform, so that the height of the Malibu 

cliff (L) is added to their own height (E) and there they rise, as at N, to the foot- 
hills (H H H) 


foot-hills represents the Malibu platform. Further explorations will be 
repaying here.?? 


12 Since the above passage was written, a visit to this locality, which is included in 
the Goleta sheet of the United States Topographic Map, has given opportunity for the 
ascent of one of the upland areas at the border of the foothill belt between the valleys 
of Dos Pueblos and Eagle creeks. There a cultivated field and a road-cut showed 
abundant, fine and coarse gravel, apparently derived from the firm sandstones of the 
mountains, lying on truncated strata of weak sandstones. Thus confirmation is given 
to the above-stated suspicion that the uplands of this district represent a higher plat- 
form of marine abrasion, presumably corresponding to the Malibu platform of the 
Santa Monica coast. The gravelly cover of the platform has been worn into a gently 
undulating surface between deep valleys which separate the several uplands; that 
surface, rising somewhat unevenly northward, abuts against a gravel-free bluff of 
gentle declivity, which mounts to an altitude of 700 feet; it presumably represents 
the weathered Malibu cliff. The Dume platform, under its cover which makes the coast 
plain, here has an altitude of about 125 feet, as shown in a branch of Dos Pueblos valley 
near the base of the slope—the weathered Dume cliff—by which ascent is made to the 
Malibu uplands. These uplands narrow westward, and a few miles in that direction 
they have been completely cut away by the Dume cliff, which there rises to the 
summits of the non-abraded foothills above the Malibu level as is shown in Figure 25. 
The fine road-cut sections (Plate 56, A and B) between Tecolate and Winchester creeks, 
12 miles west of Santa Barbara, disclose the Dume cover resting unconformably on its 
platform, which truncates south-dripping Miocene strata. 


| 
{ 
| 
j 


1110 M. DAVIS—SANTA MONICA MOUNTAINS, CALIFORNIA 


Santa Barbara Islands.—An extension of the post-Dume depression, 
above inferred for the western end of the Santa Monica Mountains, may 
have been concerned in transforming a previously continuous arm of the 
land into the Santa Barbara islands of today. They are four in number 
and stand from 12 to 60 miles beyond Point Mugu and from 15 to 30 miles 
south from the Santa Barbara coast of the mainland. The maximum 
depths of the channel between mainland and islands runs from 200 to 300 
fathoms ; the depths between the several islands and between their eastern- 
most member and Point Mugu are less. The former land arm, represented 
today by the islands, must have originally been continuous with the con- 
tinent, and probably with the Santa Monica Mountains, for according to 
Stock and Furlong (1928) fossil elephant bones have been found on one of 
the islands (Santa Rosa, the third counting to the west). The bones were 
found in what was taken to be a subaerial Pleistocene deposit, overlying a 
much thinner marine deposit which lies unconformably on a low-lying rock 
platform of abrasion and in which the fossil bones of a whale were discov- 
ered, both the platform and its cover being exposed in the composite cliffs 
of the present shore. This strongly suggests that the island platform and 
cover correspond with the Dume platform and cover of the Santa Monica 
coast, and the shore cliffs to the Monic cliffs. Thus interpreted, the ele- 
phant bones would be of the next-to-last Glacial Epoch. 

The easternmost, lowest, and smallest of the islands (Anacapa) shows 
what is taken to be the Malibu platform in its even skylines between deep 
notches, as seen from the mainland on the north. The other islands should 
therefore show the same platform as a bench contouring their slopes; but 
no such bench has yet been reported. It may be added that, previous to 
the transformation of the continuous land arm into the island chain, it 
would have constituted a barrier between the coastal waters of Santa Bar- 
bara, on the northwest, and of San Pedro, on the southeast, the existence 
of which in late Pleistocene time has been inferred by Gale on paleonto- 
logic grounds, as a means of protecting the “warm water of the southern 
coast from the northern currents” (1931, 64). 


TERRACES OF THE MIDDLE COAST 


Santa Lucia Mountains.—Terraces on the bold coast of the Santa Lucia 
Mountains have been described by Trask as occurring at altitudes of 40, 
123, 167, 245 and 380 feet, the lowest one being much the most distinct. 
This observer writes: “The terraces . . .- are covered with deposits in 
places 50 feet thick. Except for a small zone of well stratified [marine] 
gravels and sands, never more than 3 feet in thickness, which in places 
covers the irregular surface of the 40-foot wave-cut terrace, the deposits 
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consist of alluvial wash from the mountains. . . . The alluvium is thick- 
est on the face of the [emerged] sea cliff. . . . At times the continuity of 
the [ascending] surface of the alluvium is broken by the protruding face 
of a higher terrace .. . but such a terrace is in turn mantled with alluvium. 
The alluvium is rudely stratified, poorly sorted, the constituents are very 
angular. . . . The best developed terrace is the 40-foot terrace which 
has a maximum width of more than 3,000 feet,” in spite of having lost a 
good measure of its original width by the abrasion of the present ragged 
cliff in which it falls off to the sea. It “is well preserved along almost 
the entire length of the quadrangle (25 miles), although in places it has 
[all] been worn away by the waves. . . . The rear of the terrace has an 
elevation of approximately 40 feet throughout the quadrangle. Since the 
uplift of this terrace, Sur River has developed a valley 2,000 feet in width 
across it” (1926). 

An excursion in 1931 with O. P. Jenkins, chief geologist, California 
State Division of Mines, along the northern part of this exceptionally pre- 
cipitous coast gave me opportunity of briefly inspecting its terraces at a 
number of points; and the notes then made, combined with the descrip- 
tions above quoted from Trask, leave little doubt that the 40-foot terrace 
corresponds to the Dume terrace and the present cliffs to. the Monic cliffs 
of the Santa Monica coast. A number of streams which trench the lowest 
terrace have slightly embayed mouths, thus suggesting that they eroded 
their valleys somewhat below present sea level during the last Glacial 
lowering of the ocean ; and this gives additional correlation with the Santa 
Monica coast. The State highway, now in construction on the coastal 
slope of these mountains, will be, when completed, one of the most pic- 
turesque in the country; and the terraces will then be easily followed for 
considerable distances where they are now not readily reached. 

Terraces at the northern end of this range have been described by Lawson 
at altitudes of 570, 460-480, 300, 150-160, and 25-30 feet. The consider- 
able breadth of the lowest one, which presumably corresponds to Trask’s 
40-foot terrace and therefore also to the Dume terrace of the Santa 
Monica coast, is taken by Lawson to indicate a “prolonged constancy of 
the relation of land and sea” (1893, 53), rather than a slowly rising sea 
on a quiescent land, as is here supposed. 

Santa Cruz Mountains.—At the southern end of the Santa Cruz range, 
which is separated from the Santa Lucia Range by Monterey Bay, several 
terraces are well developed, but no adequate account of them has been pub- 
lished. The lowest of the series, which is still strongly developed in spite 
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of its outer part having been consumed in the abrasion of the present 
cliffs, may correspond with the Dume terrace. 

No terraces near the Golden Gate.—Marine terrace Ceposits are de- 
scribed on the San Francisco peninsula by Lawson up to altitudes of 750 
feet. They are much modified by erosion and no wave-cut cliffs are men- 
tioned in connection with them, although the cliffs of the present coast rise 
to a maximum height of 900 feet. It may therefore be inferred that these 
high-levei terrace deposits are of much earlier date than the Dume plat- 
form, and that any Dume platform which has been cut along this part of 
the outer coast has been submerged by a depression which, as Lawson says, 
“in very recent times . . . allowed the sea to invade the Golden Gate [pre- 
viously a transverse river valley], and to drown the lower stretches of the 
streams of the peninsula” (1895, 399-400) as well as the broad inter-range 
plain of aggradation next inland, thus forming San Francisco Bay. 


TERRACES OF THE NORTHERN COAST 


Terraces occur again on the seaward slope of the coastal ranges farther 
north, as if the bay-producing depression which had taken place in the 
San Francisco region did not extend farther on that side of the Golden 
Gate than on the other. A stretch of this coast, extending 200 miles north 
of the Golden Gate, has been studied by Lawson (1894), who describes the 
coastal uplands as an uplifted and dissected peneplain, about 1,600 feet 
in altitude near the shore, retaining in some localities numerous water- 
worn pebbles which are interpreted as stream gravels deposited before the 
peneplain was uplifted. The slope to the shore is said to be well terraced 
up to altitudes of 1,400 feet. 

A second excursion in 1931 with Mr. Jenkins showed me a long stretch 
of this northern coast, where the lowest and best preserved marine terrace, 
on which unconsumed rocky knobs are not infrequently seen, is fairly con- 
tinuous for many miles. Its inner border was roughly estimated to stand 
at 50 or more feet above sea level; its width has been much decreased by 
the abrasion of the ragged cliffs of the present shoreline. The valleys of 
the outflowing streams have slightly embayed mouths which are closed by 
beach spits. Where the coast road, which runs along the terrace, slants 
down the side of a stream valley to a bridge, the roadside cut near the 
beginning of the descent discloses beds of cobbles under the terrace cover 
near the base of the cliff which rises to a higher terrace, less continuously 
seen. The rocky stacks and islets, which often survive as remnants of the 
partly consumed lower terrace, make much of the coast dangerous and in- 
hospitable ; but such islands are usually wanting where the lower terrace 
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has been completely cut away, and the present cliff, rising to exceptionally 
great heights where the second terrace also has been consumed, is cut back 
more slowly, asin Figure 26. A brief account of these terraces has recently 
been given by Hoover (1933). 

Near the northern boundary of the state, where the Redwood highway 
is adventurously cut into the face of a high sea cliff far above its base, no 
low-level terrace is to be seen ; but still nearer the northern border of the 
state a low terrace appears, and the highway descends to it. Hence, along 
the high-cliffed coast the absence of a low terrace, presumably cut in Dume 
time, may be provisionally ascribed to recent subsidence, which explana- 


FIGURE 26.—Condensed Diagram of Marine Terraces on the Northern Coast 


Cape Viscaino in the distance. 


tion may be given also to the broadening of the lower part of Klamath 
River, the largest of this part of the coast, as well as to the more pro- 
nounced embayment of several small valleys which are now converted into 
lagoons by enclosing sand reefs. 

The chief reasons for correlating the main lower terrace of the several 
coastal stretches here briefly described with the Dume terrace of the Santa 
Monica coast are: First, that they appear to be of similar age, similarly 
encroached upon by later abrasion; and second, that their similarity is 
expectable if they all represent a platform abraded during a late epoch of 
rising sea level during a pause in the upheaval of the coast, like the pause 
now prevailing. ‘The method of correlation between marine platforms and 
Glacial Epochs, employed in an early section of Part I of this essay, may 
therefore be applied here also. It may be added that, had the land re- 


1114. DAVIS—SANTA MONICA MOUNTAINS, CALIFORNIA 


mained unmoved during Pleistocene time, the inner shorelines of all the 
climatically controlled terraces would necessarily lie at nearly the same 
level all along the coast; and the total breadth of the abraded platform 
would be a relatively simple function of rock resistance and wave attack. 
But no such uniformity is expectable along the uneasy shores of the Pacific. 
The moderate departure of the Dume terrace from a uniform altitude and 
especially its disappearance in the neighborhood of the Golden Gate are 
not in the least surprising. 


ConcLuDING REVIEW 


My first acquaintance with the Santa Monica coast was gained on a 
pleasure drive along its eastern part in 1927. Not until the two levels of 
former marine abrasion were seen on the Point Dume triangle in 1929, 
and two withdrawals of the sea were recognized to account for the deposi- 
tion of their detrital covers, was an intentional study of the coastal features 
undertaken, and then only with the idea of working out their physiographic 
evolution. The explanation of the withdrawals and the returns of the 
sea as consequences of climatic variations of the Glacial Period was not 
reached until two years later still: to be exact, in the “watches of the night” 
on April 27, 1931, during a stay in Palo Alto while lecturing at Stanford 
University. The problem then acquired a new geologic interest. 

A reader who now runs over the statement of the problem on the fore- 
going pages will gain acquaintance with its inferred sequence of events 
much more rapidly than I did; and will, perhaps, if he is favorably im- 
pressed with my arguments, think that the announced conclusions are so 
manifest as to be inevitable. But such is not the case. The exposures of 
the leading facts are very discontinuous along the 30 miles of coast ; they 
are much less visible there than in the diagrams of this essay; they are 
connected only by long stretches of somewhat involved inferences; and 
these inferences are based upon speculations for which no completely satis- 
factory confirmation has yet been found. To be sure, it seems reasonable 
enough, in view of the facts observed on Point Dume, to believe that there 
have been three main intervals of abrasional attack on the coast, separated 
by two main intervals of sea withdrawal ; but it may not seem equally rea- 
sonable to all readers to explain the intervals of attack as nonglacial (de- 
glacial) epochs and those of withdrawal as glacial (agglacial) epochs. 
But, as has already been said, the amount of subaerial deposition on the 
Dume platform seems too large for a single glacial epoch, and the amount 
of abrasion in Santa Monica Bay, as well as the amount of valley erosion 
in the Monica plain next to the east, seems too great for the Postglacial 
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Epoch ; and for these reasons the epoch of Dume abrasion is shifted back 
to the next-to-last Nonglacial Epoch, and Monic abrasion is taken 
to include both the last Glacial Epoch and the Postglacial Epoch. The 
coastal features are therefore interpreted as tecording four nonglacial 
and three glacial epochs. 

Two lines for further study may be suggested: The first involves, as 
already intimated, a closer scrutiny of the ravines in the upper slopes of 
the Santa Monica Mountains in the chance of finding evidence of earlier 
Glacial oscillations of sea level than the Malibu; an examination of the 
ravines in the Dume cover in the hope of finding land fossils ; and a search 
in the same cover for disconformities as indications of two Monic erosional 
epochs. The second is the exploration of other parts of the California 
coast, in the expectation of finding there also a decipherable record of 
Glacial changes of sea level, by which the changes here inferred may be 
tested. This surely ought to be possible, for while the changes of land 
level should expectably vary from place to place, changes of sea level must 
be essentially uniform everywhere. As I shall not be able to continue this 
work, it is to be hoped it may be taken up by others. 

The general problem thus approached—that of discovering records of 
glacial epochs in never-glaciated regions—is of large interest. One of the 
earliest, and still one of the most important, contributions to it was Gil- 
bert’s monograph on Lake Bonneville; another, more speculative in its 
nature, was Penck’s scheme of the shift of climatic zones in Glacial and 
later times as indicated by land forms, especially in tropical Africa (1913), 
a subject which has been independently treated by Huntington for Mexico 
and other parts of North America (1913). At a little earlier date, Daly 
announced his belief (1910; also 1915) that the effects of the lowering of 
the surface and the temperature of the ocean in the Glacial Period might 
be traced all across the torrid seas in the coral reefs and their lagoon de- 
posits. After my Pacific voyage of 1914 (1928) I accepted the occurrence 
of his platforms of low-level abrasion, but limited them to narrow mar- 
ginal belts of the coral seas '* and rejected his associated belief in the pre- 
vailing stability of insular reef foundations. The most recent investiga- 
tion of this kind that I have come upon is by Sayles (1931), who has 
keenly correlated several alternations of weathered soils and dune sands 
on the island of Bermuda with the Pleistocene glacial epochs of north- 


13Qne argument for the restriction of low-level abrasion by the chilled Glacial ocean 
to the marginal belts of the coral seas is that its application to their whole breadth 
would imply a much greater lowering of terrestrial temperatures than is indicated by 
evidence from the Alps, as worked out by Penck and Briickner. 
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eastern America. The present study is a further contribution to the same 
large subject, and is, perhaps, the first of its kind concerned with the 
Pacific coast. 
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EXPLANATION OF PLATES 


PLATE 41 


A. Sand dune at east end of Calleguas-Sycamore segment. (See page 1076.) 
Photo by Thompson, Los Angeles. 


B. Looking west from Sycamore Head toward Point Mugu. (See page 1076.) 
Photo by Thompson, Los Angeles. 
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A. Confirmation Bight. 
lowed by landslide in mid-distance. (See page 1080.) Photo by Thomp- 


son, Los Angeles. 
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PLaTE 42 


View looking west. High wall of Dume cover fol- 


B. West end of Confirmation Bight. Section of Dume platform, bearing a 
veneer of marine cobbles covered by subaerial detritus. (See page 1087.) 


Photo by Furlong. 
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PLATE 43 


A. Siquis-Trancas Segment. East side of first ravine in Dume cover. (See 
pages 1067, 1088.) Photo by Thompson, Los Angeles. 


B. General view of Point Dume. Looking east, with the Trancas-Zuma Strand- 
plain along the cliffed shore. Basalt knob at extremity of Point; Dume 
platform next inland over white Monic cliffs; long skyline of Point is 
Malibu terrace, sloping down to Dume terrace. (See page 1088.) Photo 
by Thompson, Los Angeles. 
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PLATE 44 


A. Highway cutcrop on Point Dume. Shows Malibu platform abraded on 
Miocene beds, with veneer of marine cobbles and sands under subaerial 
detritus. (See page 1093.) Photo by Furlong. 


B. Zuma Creek. Looking northwest across valley in Malibu terrace of Point 
Dume. (See page 1094.) Photo by Thompson, Los Angeles. 
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PLATE 45 


Beach spit at mouth of Malibu Creek. Corner of Dume terrace in left fore- 
ground; high Monic cliffs in mid-distance; Monica plain in background. 


(See page 1096.) 


Photo by Fairchild Aerial Surveys, Inc., Los Angeles. 
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PLATE 46 


Dume terrace cut back by Monic cliffs. Looking west from over Castellamare. 
(See page 1098.) Photo by Thompson, Los Angeles. 
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PLATE 47 


A. Palisades (Monic cliffs) of Santa Monica. Looking northwest. 
1050, 1101.) Photo by Bertholf, Santa Monica. 


B. Palisades (Monic cliffs) of Santa Monica. Looking southeast. 
1050, 1089, 1101.) Photo by Bertholf, Santa Monica. 
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PLATE 48 


A. Beach-fronted, backset beginning of the mountains. Looking northwest 
from Point Mugu. (See page 1074.) Photo by Maxson. 


B. Western half of Confirmation Bight. Looking east. High wall of Dume 
cover in mid-distance. (See page 1081.) Photo by Maxson. 


C. Confirmation Bight. Dume beach sand under Dume cover, exposed at base 
of highway wall, near P of Figure 16. (See page 1083.) Photo by Kelley. 
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PLATE 49 


A. West end of Confirmation Bight. Dume platform truncating inclined strata, 
with veneer of marine cobbles under Dume cover. (See page 1083.) Photo 
by Furlong. 


B. Beach in Confirmation Bight. Vertical strata truncated by Dume plat- 
form and covered by indurated veneer of marine boulders, cobbles, and 
sand. See page 1084.) Photo by U. S. Grant, 4th. 


C. Supposed section of Malibu platform and cover. Confirmation Bight near 
U of Figure 19. (See page 1084.) Photo by Kelley. 
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PLATE 50 


A. Highway in the Siquis-Trancas segment. Shows the heavy and deeply 
gulched Dume cover. (See page 1086.) Photo by Furlong. 


B. Monic cliffs cut in highway wall back of Trancas-Zuma strandplain. View 
shows white Miocene beds truncated by Dume platform and overlaid by 
dark Dume cover. (See page 1090.) Photo by Richards. 


C. Highway cutcrop on east side of Point Dume. Shows Dume platform 
abraded on white Miocene beds and covered by dark detritus. (See page 


1091.) Photo by Kelley. 
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PLATE 51 


A. Highway cutcrop on Point Dume. Shows Malibu platform abraded op in- 
clined Miocene beds, with veneer of marine cobbles and sands. Details 
of Plate 44 A. (See page 1093.) Photo by Grant. 


B. Same as above. Photo by Maxson. 


C. Point Dume. Looking west from a point near Latigo Creek. (See page 
1095.) Photo by Richards. 
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PLATE 52 


A. Monic cliff rising to Dume platform and its cover. Looking west from a 
point near Solstice Creek. (See page 1095.) Photo by Maxson. 


B. Dume platform and cover at top of Monic cliff. Closer view of section of 
Plate 52 A. (See page 1095.) Photo by Kelley. 


C. Detail of Plate 52 B. (See page 1095.) Photo by Kelley. 
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PLATE 53 


Beach-spit of Plate 45 extends towards these. Peli- 


A. Low, off-shore ledges. 
(See page 1096.) Photo by 


cans can be seen on the outmost ledge. 
Maxson. 
B. Highest Monic cliffs, about 600 feet. Looking west near Topanga Creek. 
(See page 1097.) Photo by Bertholf, Santa Monica. 


C. Floodplain of Topanga Creek. Note the houses on stilts. (See page 1098.) 


Photo by Maxson. 
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PLATE 54 


A. Small fault in tilted block of Dume platform and cover. View taken above 
Castellamare. (See page 1099.) Photo by Kelley. 


B. Monice cliffs near Castellamare. View looking southeast. (See page 1099.) 
Photo by Bertholf, Santa Monica. 


C. Santa Inez Canyon, near Castellamare. View looking east with Monica 
plain in the distance. (See pages 1098, 1102.) Photo by Richards. 
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PLATE 55 


A. Highway cutcrop of Dume platform and cover. View on Beverly Boule- 
vard, one mile east of Castellamare. (See page 1099.) Photo by Maxson. 


B. Details of Plate 55 A. Photo by Maxson. 


C. Uneonformable contact of Dume cover on inclined Miocene beds. Looking 
south on Beverly Boulevard, half a mile northwest of the University of 
California at Los Angeles. (See page 1102.) Photo by Kelley. 
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PLATE 56 


A. North side of highway cut between Tecolate and Winchester creeks. Pic- 
ture taken 12 miles west of Santa Barbara and about half a mile inland 
from the seashore. Cut shows the unconformable contact of the level 
bedded detrital cover on the Dume platform, which is evenly abraded on 
steep, southeast-dipping Miocene strata. Line of contact is indicated 
by white notches at right and left margins. (See page 1109.) 


B. South side of highway shown in Plate 56 A. 
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INTRODUCTION 


PROTEROZOIC BIOHERMS AND BIOSTROMES 


In a discussion of Belt formations and fossils in Glacier National Park, 
Montana, the writers described and illustrated? thick, compact beds 
formed by the supposed alga, Collenia. Similar deposits, also of Protero- 
zoic age, have been described by Twenhofel * and by Moore,‘ and figured 
by Walcott.© They, and later formations of kindred nature, have been 


1 Manuscript received by the Secretary of the Society, March 30, 1933. 

2C. L. Fenton and M. A. Fenton: Algae and algal beds in the Belt series of Glacier 
National Park. Jour. Geol., vol. 39, 1931, pp. 670-686, pls. 2, 3, and 9. 

3 W. H. Twenhofel: Pre-Cambrian and Carboniferous algal deposits. Am. Jour. Sci., 
vol. 48, 1919, pp. 343-346. 

‘FE. 8. Moore: The iron-formation on Belcher Islands, Hudson Bay, with special 
reference to its origin and its associated algal limestones. Jour. Geol., vol. 28, 1918, 
pp. 420-429. 

5C. D. Walcott : Pre-Cambrian Algonkian algal flora. Smithsonian Misc. Coll., vol. 64, 
1914, pl. 10, fig. 3. 
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discussed by Cumings,®° who designates them as “biostromes,” in distinc- 
tion from true lenticular or ridgelike reefs, for which he uses the term 
“bioherm” of Cumings and Shrock ‘—designations adopted in this paper. 
Though described examples are not numerous, biostromes appear to be 
common in Proterozoic deposits and are present in those of the Archeo- 
zoic * as well. With the doubtful exception of the Kona dolomites de- 
scribed by Twenhofel, however, no references were found to bioherms in 
rocks of Proterozoic age. Indeed, several paleontologists have suggested 
that organisms did not acquire the ability to build mound- or ridge-shaped 
deposits before Paleozoic time. Special interest, therefore, attends the 
discovery of indubitable Proterozoic reefs at a horizon 19,000 to 20,000 
feet below the known summit of the Belt series. The purposes of this 
paper are (1) to describe these reefs and associated sediments, and (2) 
to discuss their bearing on hypotheses of the nature of Collenia and simi- 
lar supposed algae. 


BIioHERMS IN GLACIER NATIONAL Park 
GEOGRAPHIC AND STRATIGRAPHIC POSITION 

The reefs, or bioherms, described in this paper lie in the lower part 
of the Granite Park member ® of the Siyeh formation, about 1.4 miles 
above (eastward from) the lowermost switchback on the trans-mountain, 
Going-to-the-Sun Highway, in the McDonald Valley, Glacier National 
Park, Montana. Since they appear upon a weathered joint face beside 
the highway at a point where it is built out from the slope of the moun- 
tain, they can be photographed only in sections: hence, drawings are 
necessarily used to present their structures in total. Other bioherms 
probaby occur lower in the valley, at about the same horizon, for a cutting 
near the tunnels on this same highway exposes two or three masses of 
compact, conical Collenia which suggest the central cores of Figures 1-2 
and lack the continuity of the main Collenia frequens biostrome, to which 
reference already has been made. 


DESCRIPTION OF THE BIOHERMS 


The two bioherms examined are some rods apart, one lying about 12 
feet above the other. The lower—and larger—has a width of 33 feet 


°E. R. Cumings: Reefs or bioherms? Bull. Geol. Soc. Am., vol. 43, 1932, pp. 345-347. 

7E. R. Cumings and R. R. Shrock: Niagaran coral reefs of Indiana and adjacent 
States and their stratigraphic relations. Bull. Geol. Soc. Am., vol. 39, 1928, p. 599. 

SC. D. Walcott: Notes on fossils from limestone of Steeprock series, Ontario, Canada. 
Geol. Survey Canada Mem. 28, 1912, pp. 16-23, pls. 1-2. 

°C. L. Fenton and M. A. Fenton: Op. cit., p. 673. This is approximately equivalent 
to the upper Newland of the Big Belt and Little Belt Mountains. 
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and an observed height of 25 feet. Basally, it consists of a lenticular 
core of hard, dark gray dolomitic limestone made up chiefly of obliquely 
conical masses of Collenia frequens Walcott, partly diagenized. ‘The base 
of this core is not exposed; it grades upward into a flexuously laminated 
deposit, which partly masks the base of the succeeding core. This is 
prominently exposed on the weathered rock face (figure 1 and plate 57) ; it 
is an irregularly lenticular mass about 7 feet thick and 21 feet wide, com- 
posed of conical Collenia and laminar layers identical with C. compacta 
Walcott.2° Above this is a massive layer (QO), in which the specimens 
of Collenia are scattered in sediments that grade laterally into the fore- 
reef (F). The surface of this layer is irregular and pitted; it under- 
lies a bed 4 to 5 feet thick (E) that consists of coarsely laminated dolomite 
and limestone which passes into finely laminated beds in the forereef. 
Within the reef itself, this bed contains scattered masses of Collenia, 
some of which are irregularly conical, others concavo-convex, and still 
others columnar ; in the left (westerly) forereef it contains a few broadly 
concavo-convex masses. Above this bed, and grading into it, lie the 
arched, banded dolomites and limestones characteristic of the Granite 
Park member, with original dips of 10 to 20 degrees. Strata subjacent 
to the reef are compressed and depressed at angles varying from 5 to 30 
degrees; in the immediate forereef, dips reach 50 degrees. 

The second reef is basally complete, but its crest has been removed by 
erosion. As preserved, it approximates an isosceles triangle in section, 
with a width of 21 feet and a thickness of 15 feet. As shown in Figure 2, 
a large part of it consists of wrinkled laminae, which grade into and 
enclose conical masses of Collenia. Only the base of the forereef ap- 
pears; the subjacent beds are compressed and downcurved; about 18 
inches from the margin of the reef they contain a concavo-convex Collenia 
some 4 feet in diameter. If beds comparable to O and E of Figure 1 were 
present, as seems probable, they have been removed by erosion. 


ENCLOSING SEDIMENTS 


These bioherms lie in banded or laminated gray dolomites and lime- 
stones which are typical of the Granite Park member of the Siyeh. 
Aside from the segregation of dolomite and calcite into individual layers, 
whose thickness ranges from 3 to 32 millimeters, and the presence, in some 
parts of the forereef, of the structures called “molar tooth” by Daly," 


2 C. D. Walcott :-Pre-Cambrian Algonkian algal flora. Smithsonian Misc. Coll., vol. 


64, 1914, p. 112, pl. 15. fig. 7. 
1R. A. Daly: Geology of the North American Cordillera at the 49th parallel. Geol. 


Survey Canada Mem. 88, 1912, pp. 74-76, pis. 10, 14. 
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COLLENIA FREQUENS WALCOTT IN BIOHERM CORE 
Portion of core (C) of Figure 1. To get this picture, the camera was so placed that 
there is marked foreshortening from right to left, but the characters of the depressed 
beds, forereef and conical Collenia are well shown. 
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the most conspicuous features of these strata are the marked compression 
and depression areas beneath and immediately adjoining the bioherm 
cores. 

The depression and compression of adjoining strata leave no doubt 
that the bioherms formed upon soft lime and magnesian muds, which, 
though sufficiently firm to bear their weight, did not harden until after 
they had achieved considerable size. Had the masses sunk uniformly 
and continuously throughout their growth, the laminar Collenia would 
not have been so markedly downcurved marginally, nor would compres- 
sion of the subjacent layers have been accompanied by thickening away 
from the bioherm. Indeed, it seems probable that neither compression 
nor depression of these layers would have reached the stages seen in both 
bioherms. The writers conclude, therefore, that the bioherm cores devel- 
oped upon sediments which were plastic to depths of 5 feet or more, that 
muds accumulated slowly during most of their growth, and that most 
of the settling and compression occurred with relative rapidity after the 
mass had become large enough to overcome the resistance of subjacent 
strata. In the small bioherm this seems not to have occurred until the 
reef attained one-half to three-fourths its present thickness. 


ORGANISMS OF THE BIOHERMS 
NATURE OF COLLENIA 


Throughout this paper it has been assumed that the structures com- 
posing the bioherms referable to the Collenia Walcott,’? are organic 
in nature. Though this assumption has been supported by the work of 
Wieland,’* of White,‘* and of Howe,’* it has been questioned by Holte- 
dahl 7° and others. The discovery of true bioherms formed by Collenia, 
in which growth obviously took place in situ (the structures cannot repre- 
sent the drifting together of concretions), with the features peculiar to 
organic reefs in Paleozoic and later seas, adds much to the probability 


2C. D. Walcott: Op. cit., p. 110. 

3G. R. Wieland: Further notes on Ozarkian seaweeds and oolites. Bull. Am. Mus. 
Nat. Hist., vol. 38, 1914, pp. 237-260. On page 244 Wieland describes ‘“oégonia-like 
sperules in regularly aligned pockets,” found in Cryptozoén proliferum Hall of the 
Beekmantown. 

4D. White: Algal deposits of Unkar Proterozoic age in the Grand Canyon, Arizona. 
Proc. Nat. Acad. Sci., vol. 14, 1928, pp. 597-600. Also reports in the Carnegie Inst. 
Washington Yearbook, nos. 26-29. 

13M. A. Howe: The geologic importance of lime-secreting algae. U. S. Geol. Survey 
prof. pap. 170, 1932, pp. 57-64. Contains numerous references. 

16 O, Holtedahl: On the occurrence of structures like Walcott’s Algonkian algae in the 
Permian of England. Am. Jour. Sci., vol. 1, 1921, pp. 195-206. We suspect that these 
“structures” are algae. 
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that Collenia is a fossil organism. Further evidence is found in the 
variation of Colienia frequens in various parts of the bioherms—variation 
which is intelligible only on the hypothesis of organic growth in slightly 
differing environments. This variation corresponds to that found in 
other situations, in which the species forms isolated or scattered colonies, 
or biostromes, but it does not accord with hypotheses of concretionary 
origin. 
VARIANTS (ECADS) OF COLLENIA FREQUENS WALCOTT 

The forms, or apparent species, of algae found in these bioherms are 
five: (1) the broadly expanded, concavo-convex masses assigned to Col- 
lenia frequens Walcott ;'* (2) irregularly concavo-convex masses such as 
are seen in the second layer above the bioherm core in Figure 1, E; (3) 
obliquely conical, crowded masses which form that core; (4) broadly ex- 
panded laminar masses, best seen in Figure 2; and (5) flexuous columns, 
irregularly oval in section, also shown in Figure 1. 

The first of these characterizes upper Siyeh horizons, especially the 
Granite Park member, in which algal colonies are not crowded as on 
Logan Pass, near Piegan Pass, and in Hole-in-the-Wall Cirque—all in 
Glacier National Park. The writers have figured '* specimens, ap- 
parently referable to C. frequens, whose width is more than 10 feet and 
whose thickness exceeds 5 feet. Near the bioherms they are much 
smaller and are limited to the forereef. 

Irregularly expanded masses (2) have been noticed here only above 
the bioherm cores, but in exposures along the Ahern Pass trail from 
Granite Park they lie on the surfaces of beds (biostromes of Cumings) 
and are scarcely distinguishable from the expanded and _ flattened 
colonies. Though continuous intergradation is lacking, the two forms 
seem to be responses to different environmental factors—perhaps depth 
or aeration of water—and thus may be termed ecads. If this inter- 
pretation is correct, gradation within a single colony is ecologically im- 
probable, and its absence does not argue strongly for specific distinction. 

Compact, conical masses (3) characterize the bioherm cores and the 
heavy biostromes of the Collenia frequens zone. They seem to be a 
response to crowding; but, as seen in Figures 1 and 2, they grade both 
into irregular masses approaching those above the cores and into crumpled 
laminar expansions. These gradations are seen to even better advantage 
where the Ahern Pass trail crosses the Collenia frequens zone; *he 


7C. D. Walcott: Bull. Geol. Soc. Am., vol. 17, 1906, pl. 11 (no text) ; Pre-Cambrian 
Algonkian algal flora. Smithsonian Mise. Coll., vol. 64, 1914, p. 113, pl. 10, fig. 3. 
1%C, L. Fenton and M. A. Fenton: Op. cit., pl. 10. 
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crumpled laminar expansions appear near Swift Current Pass. Thus, 
a continuous ecologic series extends from broad expansions, through 
irregular and conical colonies, to the laminar colonies named C. compacta 
by Walcott,?*,?° which species apparently becomes a synonym of C. fre- 
quens. However, until the type of the latter species can be found, iden- 
tifications must be based on two field photographs and the statement that 
colonies vary in size up to 15 inches in diameter and 16 inches in thick- 


ness. 

There remain the flexuous columns that lie among the irregular 
masses, and near them. They appear near the large bioherm and in 
thinly bedded, shaly limestones between biostromes above Hole-in-the- 
Wall Falls. They closely resemble Collenia columnaris Fenton and Fen- 
ton, but because of their association with ecads of C. frequens, they are 
assigned similar status. Since their laminae are flattened, they may 
represent a variant of the expanded colony which, for some reason, failed 
to grow laterally but reached a greater than normal height. 

These ecologic variants, or ecads, of which four occur under conditions 
leaving slight doubt of taxonomic unity, establish the algal builders of 
these reefs as the most ancient organisms in which such variations have 
been determined and as one of the most convincing examples of its sort 
among early fossils. 


SUMMARY 


Two small reefs or bioherms in the Beltian Siyeh formation (Protero- 
zoic) of Glacier National Park, Montana, show in detail the characteris- 
tics of such structures as are ascribed to later formations. Both in their 
general nature and in the variation of the masses composing them, they 
support the opinion that Collenia and kindred forms are true fossils, 
probably of algae. Determination of variants or ecads has eliminated, 
as a synonym, Collenia compacta Walcott, and has broadened the provi- 
sional interpretation of C. frequens Walcott, the chief builder of both 
bioherms and biostromes in the Siveh formation. 


Walcott : Pre-Cambrian Algonkian algal flora. 
1914, p. 112, pl. 15, fig. 7. 

°C. L, Fenton and M. A. Fenton: Op. cit., p. 684, pl. 8, fig. 2. On page 685 we suggest 
that C. compacta is “but a different growth-state” or ecad of C. frequens. 
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INTRODUCTION 


The anomalous pattern traced on the map by the Huangho suggests 
that the history of the river is a complex one. In particular, the great 
Ordos loop seems out of keeping with any simple development of normal 
drainage. One theory is that the present headwaters originally followed a 
less circuitous route, emptying directly into the Wei Valley in Kansu 
instead of flowing northeast past Lanchow. Another suggests a previous 
outflow directly to the east from the Ordos Desert. Similarly, diversion 
still higher up stream has been invoked to account for the acute or reverse 
bends of the upper course in western Kansu. Yet again, two ideas may 
be combined by assuming double capture; the first, north of the gorges 
which separate Shensi and Shansi, and the second in central Kansu. 
Color is lent to these suggestions by the obviously youthful character 
of the gorges, by the contrasting size and openness of the valleys occu- 
pied by some of the tributary rivers, and by the presence in many in- 
termontane basins of imposing continental deposits which might be taken 
to imply abandoned valleys of ancient trunk streams of major importance. 


1 Manuscript received by the Secretary of the Society, March 8, 1933. 
Published with the permission of the Director, Geological Survey of China. 
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The purpose of the present paper is to show that, whatever the char- 
acter of the diversion or capture to which the present “abnormal” course 
of the Huangho was due in the first instance, such rearrangement took 
place well before the close of the Pliocene period, and that since the be- 
ginning of the Pleistocene the river has undergone only minor changes 
in course. It will be shown further, that, as far as evidence at present 
available goes, there is no reason for concluding that the abnormalities 
cited are due to derangement of an older, simpler, well-established drain- 
age system, the irregularities being equally explainable as features in- 
herent in the youthfulness of the drainage as a whole, despite mature 
characteristics shown by individual stretches of the river itself. 


GENERAL CONSIDERATIONS 


In a number of respects the Huangho resembles the Colorado River. 
Both take their names from the color of the vast load of fine sediment they 
carry to the Pacific. Both drain territories lying between latitudes 33° 
and 40°, draw their headwaters from high mountain ranges far from the 
coast, and cross plateau regions and areas of basin range structure where 
rainfall is low enough to produce semi-arid or desert conditions. In both 
cases it has been generally assumed that the contrast between different 
sections of the course is mainly the result of the long and complex life of a 
very ancient river. In both cases an alternative explanation attributes 
part of the composite character of the course not to derangement of an 
original trunk stream but to the integration of once-isolated sections of 
an interior drainage system into a single river still essentially youthful, 
though locally mature or rejuvenated. 

Three facts brought out by the researches of the last few years need 
to be emphasized at the outset: 

(1) The Tertiary block-faulting of Kansu, Shensi, and eastern Shansi 
produced tectonic depressions, many of which at first behaved as dis- 
connected internal drainage basins of the kind typically found in semi- 
arid areas of basin-range structure, and only in maturity were linked into 
a connecting system. Valleys developed under such conditions are not 
normal erosion features due to stream action. Their imposing dimensions 
bear no causal relationship to the size or the vigor of rivers occupying 
them. Likewise the volume of the deposits is unrelated to the importance 
of such streams, much of the sediment in the intermontane basins being 
washed by torrential run-off from the flanking mountain slopes or car- 
ried in by wind action. As far as the activities of the trunk streams now 
draining them are concerned, the valley floors may have lost more by re- 
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Ficure 1.—Panorama of dissected Fan-terrace of the Fenho, Shansi 
Compare with field sketch, text figure 2. 


Ficure 2.—Terraces of the Huangho below Lanchow, Kansu 
The cultivated main platform is the pre-Sanmen rock cut floor on which rests the 
superficial material forming all the higher ground. The latter shows reduced remnants 
of Sanmen profiles badly dissected in Chingshui time, framing the younger Malan sur- 
face, now terraced by the Panchiao rejuvenation which has cut deeper into bed rock 


than previous cycles. 
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moval than they have gained by alluviation. Most of the block-faulting 
is ancient enough to be primarily a bedrock phenomenon, and the result- 
ing topography has had superimposed upon it a complex history of warp- 
ing, and cut and fill, which partially masks its original simplicity. 

(2) Broad warping along a northeast-southwest axis—extending at 
least from the Western Hills of Peking to Central Shensi—has arched 
up the crust across the course of the Huangho in the Shansi gorges. 
The process, which began in Pliocene time, has acted with extreme slow- 
ness and may not have entirely ceased today. It has prevented the 
channel from attaining a more mature condition at some points, and 
it explains the gorges separating Shansi and Shensi, those of the middle 
Fenho lying to the east, and cases of capture such as that of the Singho, 
a tributary of the Hutoho, cited by Willis,? where antecedent drainage 
has failed to hold its own against unfavorable uplift, with resulting in- 
version and diversion. 

(3) Recent paleontological work by Andersson, Teilhard, Young, and 
others has led to a better understanding of the surface deposits in gen- 
eral and of the loess in particular, with the recognition of two epochs of 
widespread aggradation, during which vast quantities of wind-blown 
material were imported from the northwest. 

The younger of these epochs was the Malan stage of later Pleistocene 
date, to which belongs the pure wind-blown loess. More significant was 
the Sanmen stage which spanned the transition from the Tertiary to 
the Quaternary. It has several facies and is subdivisible into more than 
one faunal stratigraphic horizon. It was preceded, in the earlier Pliocene, 
by widespread deposition of residual and reworked red clay, periodically 
interrupted by energetic stream action. 


SurFAcE Deposits 


Next to the presence of the loessic formations themselves blanketing an 
older bedrock topography of mature relief, the most striking feature of 
the three northwestern Provinces, is the physiographic surface with 
which these deposits are associated. Wherever preserved in its original 
simplicity, this has a gently concave aggradation profile sweeping down 
from the weathered stubs of the ranges to the almost horizontal rims of 
loess canyons, at the bottoms of which the present streams run (plate 58, 
figure 1). Often, however, the old surface is so thoroughly dissected as to 
be no longer recognizable. 


2 Bailey Willis: Research in China. Carnegie Inst. Washington Pub. 54, vol. 1, pt. 1, 
1907, p. 213. 
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The main element building this imposing feature is a complex of fine- 
grained deposits, predominantly loessic above, often with playa, lake, 
or stream sediments below, and sometimes yielding remains of fauna 
and flora of semiarid, warmish temperate, climatic type.* The bulk of 
the formation is loessic in character, especially in the northwestern 
Provinces, but it is not a simple, unaltered loess. Faint color-banding 
and concretionary layers one to ten feet or more apart indicate a suc- 
cession of gently sloping, thoroughly mature, soil surfaces. It is the 
last and highest of these sufaces that is represented in the summit levels 
of the higher, dissected, loessic terraces. In some localities, revived 
movement along old fault lines has re-established the rocky scarps 
dominating the depressions. But in general the ancient surface and the 
gentle concavity of the lavered structure of the deposits themselves con- 
form to the slope of the present drainage basins. The field facts are 
explainable only on the assumption of a series of superposed “fossil” 
soil surfaces, which matured in turn before each new addition of material. 

The identification by Teilhard and Young* of the mammalian fossils 
belonging to these deposits dates the last stages of this major aggrada- 
tion as of Choukoutien, or upper Sanmen, and therefore early Pleistocene, 
age. Detailed study shows that more than one faunal horizon is rep- 
resented, and it is safe to assume, as Andersson® predicted, that a complex, 
covering much of Upper Pliocene and Lower Pleistocene,® floors some of 


3G. B. Barbour: The Taiku deposits. Bull. Geol. Soc. China, vol. 10, 1930, p. 104; 
Ralph Chaney: A Pliocene flora from Shansi. Bull. Geol. Soc. China, vol. 11, 1933; 
P. Teilhard and C. Young: Preliminary report on the Choukoutien fossiliferous deposits. 
Bull. Geol. Soc, China, vol. 8, 1929, p. 199 and Table 1. 

*P. Teilhard and C. C. Young: Pre-Loessic and post-Pontian formations in western 
Shansj and northern Shensi. Geol. Survey China, Mem. A 8, 1930, p. 8. 

5J. G. Andersson: Essays in the Cenozoic of North China. Geol. Survey China, Mem. 
A 3, 1923, p. 117. 

®In its recent publications, the Geological Survey of China classifies the Choukoutien 
phase of aggradation (previously regarded as a substage of the Sanmenian) as a distinct 
and younger stage, limiting the Sanmen proper to deposits of late Pliocene age. Definite 
separation of the two formations on structural grounds has so far been possible only in 
the Fenho Basin of Shansi, where local faulting interrupted the process of aggradation. 
Possibly the gorge section along the Huangho near Hoshan (see figure 5) records both 
Choukoutien and Sanmen stages. Elsewhere in the middle and the upper basins of the 
Huangho, however, there is no physiographic evidence of an erosional interval between 
the two inferred stages of deposition, and the distinction has been drawn primarily on 
fossil evidence in the few places where it has been found. In view of the impossibility 
of isolating the topographic effects of the Choukoutien stage. or even of giving the 
correct formational name to a particular outcrop in the field, it seems wiser for the 
present to refer all physiographic features of the Sanmen-Choukoutien complex to the 
Sanmen stage. Accordingly, the term, Choukoutien, is not used in this paper, except 
for completeness in the table on page 1149. If later study proves the widespread 
presence of a break in the series, the Choukoutien formation will be recognized as a 
veneer over the massive features built during the Sanmen aggradation. 
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the rift valleys where a more complete sedimentary record has been 
preserved. 

Aggradation of this type was at first largely controlled by the con- 
formation of the bedrock, but as minor irregularities were buried be- 
neath the thickening blanket of surface deposits, the contouring was 
simplified. The lines of the major depressions, however, persisted, and 
remained the channels by which surface waters drained off. Hence, when 
rejuvenation occurred, the incision followed the base of these depressions, 
and in succeeding epochs the old aggradation surface was etched up into 
relief, forming the gigantic terraces that are prominent features through- 
out the region (plate 58, figure 1). 

The major epoch of dissection was the Chingshui stage* which fol- 
lowed the Sanmen filling. It occupied a time comparable to the second 
third of the Pleistocene period and made a profound impression on the 
soft Sanmenian deposits. 

It was followed in turn by the Malan aggradation, which, except in 
the maritime belt of greater rainfall, was essentially a time of aeolian 
deposition. The coarse layering of the “‘fossil’’ soils typical of the 
Sanmen is absent, and the loess cleavage is more uniformly columnar; 
its concretions are rarer and much less massive than those characteristic 
of the Sanmenian. Mammal remains, where found, are distinctive and 
are of Upper Pleistocene colder climate types. The land snail Helix is 
common, but fresh-water mollusca are infrequent; for stratified deposits 
were limited to old drainage channels conforming to the ancient topog- 
raphy and were the first to suffer destruction when Panchiao or Recent 
rejuvenation opened channels along the old lines. 


AEOLIAN ORIGIN OF THE LOESS 


Examination of hundreds of exposures of North China loess leaves 
no doubt as to the process involved in its formation. The Malan loess 
spread like a blanket over the dissected Sanmenian basins, filling up 
the gullies, lodging in the depressions, and clinging like a veneer to the 
smoother upper surfaces of the old topography. Banking itself against 
the trench walls left by the Chingshui erosion, the loe-s rounded out 
the asperities of the relief, smoothed away the abruptness of the older 
terraces cut in the Sanmen deposits, and in turn built up its own lower- 
level “bottom lands,” which themselves were incised by more recent re- 
juvenation to produce the Malan terraces. 


7G. B. Barbour: Geology of the Kalgan area. Geol. Survey China. Mem. A 6, 1929, 
p. 148b. 
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FIGURE 2.—Field Sketch of dissected Sanmenian Terrace near Taiku, Shansi 


of (2) artificially terraced remnants of 
man deposits building the main platform. 


at left, showing by change of slope (1) Recent dissection 
d Chingshui erosion surface, cut-in (4) gently sloping San 


profiles 


Note discordance in gully wall 


Malan loess veneer, resting on (3) rugge 


Berg has recently chal- 
lenged the aeolian hy- 
pothesis of the origin of 
loess, invoking instead 
the action of deep-pene- 
trating weathering.® 
Space forbids detailed 
discussion of the grounds 
on which his _ theory 
proves inapplicable to the 
loess of North China. 
Briefly, however, its fine 
grain, its mineral fresh- 
ness, its sharp contact 
with the underlying bed- 
rock or older superficial 
deposits, its topographic 
distribution, and the dip 
of its crude layering, all 
point to an original aeo- 
lian origin. Where rain- 
wash and_ weathering 
have occurred—as in the 
case of the Sanmen 
loess—their effects are 
superposed on the origi- 
nal characteristics. 
These agencies are in- 
competent in themselves 
to explain the structural 
relationships or the in- 
herent character of the 
loess itself. Where coarse 
material is present near 
bedrock, it retains its 
angularity; this applies 
also to fine talus material 


8L. S. Berg: Origin of loess. 
Gerlands Beitr. Geophys., vol. 
35, 1932, p. 139. 
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and to “pluvial breccia” intercalated with lenses of loess. Neither rain- 
wash nor weathering can explain the occurrence of hummocks of bed- 
rock capped with loess that conforms to the subsurface contouring but 
makes a sharp contact with the subformation, often with a clearly defined 
basal layer of gravel passing abruptly into typical unstratified loess. 
Finally, there is the common occurrence of from 5 to.20 feet or more 
of unweathered Malan loess overlying, with sharp erosional contact, 
weathered Sanmenian deposits. This is often well brought out in the 
topography of the erosion surfaces, as shown in the field-sketch (fig- 
ure 2). Here the gentle slope of the old Sanmenian platform passes 
somewhat abruptly into the steeper, rounded surfaces of the Malan stage, 
now artificially terraced by the assidous farmer. Both are “depositional 
surfaces” and contrast sharply with the rugged slopes produced by recent 
erosion. A vertical drop of 10 to 20 feet at the top of a cliff of Malan 
loess is followed on the lower slopes by the more broken descent across 
the clayish Sanmenian deposits extending to the bottom of the gullies. 

Aeolian deposition is still in process in North China today, although 
the aggradative effect is largely annulled by rain-wash during the sum- 
mer monsoon, and the supply of new material brought in by winter winds 
from the northwest is much less than it once was. Measurement of the 
quantity which fell at Peiping during a high altitude dust storm in April, 
1930, indicated a total dust fall of 110 tons per square mile. 


STAGES IN THE EVOLUTION OF THE LAND SURFACE 


The complete succession of stages where fully developed in the Shansi- 
Hopei mountain grid actually involves at least four partial erosion 
cycles and three intervening cycles of aggradation.® In the table below, 
erosional phases are offset to the left, beginning with the oldest, and the 
approximate geologic age is indicated, though the precise limits of any 
period are not to be taken too rigidly. 

| Tangshien Erosion 
IOCENE 
— Paote Red Clays 
Fenho Erosion 
PLIOCENE Sanmen Deposits 
Choukoutien Deposits 
Chingshui Dissection 

Malan Deposits 

Panchiao Dissection 


PLEISTOCENE 


RECENT 
Recent Alluvium and Gravels 


° Further data regarding these stages and their characteristics will be found in the 
published researches, cited in footnotes to this paper, by Andersson, Barbour, Teilhard, 
Cc. C. Wang, Willis. and Yih. 
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The effects of these stages are best developed along the axes of the 
depressions, and, as they form a series of decreasing magnitude and im- 
portance, each stage tends to have its effect “let down into” the founda- 
tions prepared during the previous stages. This repeated “insetting” of 
deposits—there is no good equivalent to the French term emboité—is a 
characteristic of the later North China stratigraphy and is responsible 
for much of the prevalent confusion that has delayed solution of the 
Loess problem. 

It is clearly rash to extend the names of stages, admittedly valid in 
one area, to a much wider region of varying structure where new factors 
may operate. Stream rejuvenation, for instance, due to crustal tilt or 
strandline shift may be expected to take effect unequally in different 
localities and extends its influence progressively headward. Care must 
be taken also to discount terrace features due to temporary halts in down- 
cutting caused by local base-levels developed on hard strata. On the 
other hand climatic fluctuations may affect simultaneously all points over 
the entire length of a stream. Fortunately, the climatic and diastrophic 
factors are now to some extent isolable as far as North China is con- 
cerned. 

Where the rejuvenating control is diastrophic rather than climatic— 
as in the case of the Fenho warping—the effects are restricted areally at 
first and tend to extend headward. Outside the region affected by such 
localized movement, no sharp erosional boundary exists between the de- 
posits which bracket it in time, and a gradual transition is to be ex- 
pected rather than an abrupt break between horizons of distinctly dif- 
ferent ages. Where climatic fluctuation played its réle alone, the re- 
juvenation between epochs of aggradation brought the stream beds back 
to approximately the same leved, because it did its work primarily in 
the unconsolidated deposits of the preceding stage of deposition, and 
only thereafter made an impression on bedrock. And since the time in- 
terval between fluctuations happens to have been progressively shorter, 
terraced records of each depositional stage were spared during subsequent 
erosions. 

TERRACES OF THE HUANGHO 


At no place are the terraces of the Huangho better displayed than down- 
stream from the Tungkuan bend, where the river makes an abrupt right- 
angled turn seaward at the meeting point of Shensi, Shansi, and Honan, 
and swings parallel to the offset eastern extension of the Tsinling Range. 
The magnificent scale of the features is hardly realized from a photograph. 
A field sketch with exaggerated vertical scale brings out better the sig- 
nificance of the different levels (figure 3). 
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The high Sanmen terraces and the lower Malan terraces are essentially 
matched features found on both banks. In addition, the lateral sway 
of meander development has left intermediate “swing terraces” due to 
truncation of alluvial fans built out during intervening epochs of en- 
trenchment. These gently graded surfaces are used by the new extension 
of the railway from Lingpao to Tungkuan, just completed as the third 
stage of the line connecting Kansu with the sea. The next stretch, up 
the broad Wei Valley past Sian, will be a simpler problem, involving no 
such engineering problems as those created by the interfingering of these 
terraces below Tungkuan. 
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FIGcurE 3.—Terraces of the Yellow River 


This interfingering is complicated by the fact that, below the point 
where the Weiho joins the Huangho, the river has apparently shifted its 
course since Sanmen times. Roughly paralleling the present channel 
are two distinct depressions in the Sanmen surface; the first, on the 
north bank immediately opposite Tungkuan; the other, on the south 
bank 15 miles downstream between Wenhsiang and Lingpao and pos- 
sibly at intermediate points (figure 4). These depressions are hard to 
explain unless it be assumed that at the time when the two rivers were 
at their feeblest, towards the close of the Sanmenian aggradation, their 
channels and confluence were not where they now are; that one or both 
had bifurcating channels; and that rejuvenation led to the abandonment 
of what had previously been a main channel during the Sanmenian epoch. 
Ordinary meander cut-off is untenable as an explanation, because the 
curvature of the lateral abandoned channels(?) is insufficient. The 
distant profile of the depression marked by X in Figure 3 cannot be ex- 
plained as a later tectonic effect alone. Moreover, the fact that the 
present stream does not follow the axis of that depression, but is lodged 
in a vertical-walled canyon to the north, remains the unexplained feature 


LXXV—Bvctu. Gron. Soc. AM., Vor. 44, 1933 
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of the locality. Careful topographic mapping may be needed before the 
point can be settled. 

When following the Great Northwest Road across Shensi and Kansu, 
one does not again encounter the Huangho until he reaches a point near 
Lanchow, where the ancient trail debouches abruptly from a narrow loess 
defile onto a rock-cut platform commanding the river. Here again the 
same series of physiographic stages is vividly recorded in the topography, 
as seen in Plate 58, figure 2. There are as yet no mammalian fossil 
criteria for dating the deposits, but the character and the distribution of 
the latter leave no doubt as to their relative ages. Although it would seem 


Tungkoan”— 


Figure 4.—Tungkuan-Lingpao Stretch of the Huangho 
Marginal depressions indicated by form-lines. 


at first sight extremely rash, if not unwarranted, to correlate stages in the 
erosional history of two localities a thousand miles apart on a river whose 
intervening course is marked by features of such entirely different char- 
acter, the following arguments suggest that the correlation is justifiable. 

(1) The number and character of the older matched terraces in the 
two localities correspond. The still younger 30-foot post-Malan terrace 
on which Lanchow stands is a local feature, probably induced by warping, 
characteristic of rivers in this part of Kansu. 

(2) Sanmen and Malan terraces and the associated dissections are 
expressions of climatic fluctuations that have left their mark equally 
clearly, if less strikingly, along the entire belt of intervening country and 
throughout the adjoining provinces. The same structural relationship, 
with record of intervening erosion and insetting of deposits, is to be 
seen through southern and eastern Kansu and across Shensi, Shansi, 
and Honan to the mountain areas of Hopei (Chihli) and even in Shantung. 

(3) Where such relationships are not preserved in the geological 
record, there seems always to be a definite reason for their absense— 
usually that of removal by erosion or of destruction of the surface by 
recent faulting. At several places in north-central Kansu young fault 
scarps dislocate the Pleistocene terraces. It is significant that in several 
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instances these pass close to villages that suffered heavily at the time 
of the earthquake of 1920. 

(4) Along certain stretches of the Huangho, terrace features have 
hitherto escaped notice on account of their subdued or modified form. 
Without rock-defense they are readily removed. At the Paotou bend 
northeast of the Ordos, no terraces abut the river, because its present 


Physiograptue Stages 
Tanghsien Erosion 
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Fenho Dissedion 
2 Sanmen Aggradalion -3 
Chingshui Trenching 140m.\Tanshsien) 
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Figure 5.—Yellow River Section near Hoshan 


channel is some distance from the Tachingshan, which here defines the 
margin of the basin. But on the flanks and especially at the west end 
of the range, terraces are clearly visible,’° their former extensions having 
been undermined by the swing of the river and their preservation being 
due to the rock-defense which has protected them. 

(5) Within the Ordos loop, the absence of such features is explained 
by the fact that the platform encircled by the river was of such low relief 
that Pliocene warning downstream was able to pond the waters of the 


10P, Teilhard and FE. Licent: Bordure occidentale et meridionale de l’Ordos. Bull. 
Soe. Geol, France, vol. 24, 1924, p. 83 and pl. 4. 

G. B. Barbour: Physiographic notes on Tachingshan. (Manuscript awaiting publica- 
tion in Bull. Geol. Soe. China.) 
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area, silting up the slight depressions and leaving a wide level floor, over 
which the river could later swing unobstructed. Here, lateral shifts of 
as much as 50 miles, or one-fifth the width of the Ordos, have been noted."* 

(6) The most critical evidence of the existence of a full-fledged river 
at the opening of the Quaternary comes from the gorges themselves. 
Here, despite the general destruction of older stream deposits along the 
present channel, the rocky character of the walls furnished a rock-defense 
which in places is the one thing that has preserved a reliable record. 
Teilhard and Young have studied the perched deposits at many points 
along the Shensi-Shansi gorges, and a single section, seen at Hoshan near 
the Great Wall just above Paote, 150 miles downstream from the Paotou 
bend, epitomizes the history. Figure 5 is redrawn from their section’ 
and shows the Pontian red clay and sands with typical Hipparion fauna of 
early Pliocene age, resting on the basal gravel of an old river of mature 
profile now 140 meters above the present river-surface and higher still 
above the bed of the river. This has been cut through by a younger 
channel whose basal gravels are only 50 meters above stream level; the 
evidence indicates a temporary halt in downcutting, with similar gravels 
at an intermediate 110-foot level. The 50-meter gravels carry Quadrula, 
a large fresh-water mollusk typical of this facies of the Sanmenian and 
certain younger horizons wherever found over North China. Both these 
gravels, the intermediate ones, and the Pontian clays are capped by red- 
dish loessic clay of Sanmenian type. Hence it cannot be doubted that 
the 50-meter channel was occupied by an early Pleistocene or still more 
ancient river which cut a channel fully as wide as that occupied by the 
Huangho today. The basal Hipparion gravels also imply a river along 
the same line early in the Pliocene Period, though it would be unwise to 
assume at this stage that it was actually the only outflow passage for all 
the headwater drainage of the present river. 

During the Chingshui rejuvenation, the Sanmenian deposits were in 
turn cut through to a new 15-meter base, which itself is capped by loess 
of the Malan type over a layer of basal gravel. Finally, these too have 
been trenched by still more recent downcutting.'* 


uF. G. Clapp: The Hwangho. Geog, Rev., vol. 12, 1922, p. 3. 

2 P. Teilhard and C. C. Young: Pre-Loessic and post-Pontian formations in Western 
Shansi and Northern Shensi. Geol. Survey China, Mem. A 8, 1930, p. 14. 

13 Wang’s term “Huangho stage” for this trenching uses the name of the river as a 
whole for a feature which develops only in limited stretches of its long course. Re- 
garded as unsatisfactory on that account, the term has not so far received general ac- 
ceptance. It is essentially equivalent to the “present stage’ but may include the 
Panchiao stage of Andersson where that can be differentiated. (C. C. Wang: History 
of the Yellow River between Shansi and Shensi. Bull. Geol. Soc. China, vol. 4, 1925, 
p. 87; L. F. Yih: Geology of Hsishan. Geol. Survey China, Mem. A 1, 1920, p. 66ff.) 
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ANTECEDENT DRAINAGE 


As pointed out above, the breadth and openness of such valleys as 
those of the Fenho and the Weiho are connected with their tectonic 
origin, and therefore there is no reason to invoke the help of the Huangho 
as an agent in the erosion of the latter depression. Apart from that, it has 
been shown that a major river was already flowing along the lines of the 
Shensi-Shansi gorges well before the beginning of Pleistocene time. If 
the power of this river was due to its capture of the ponded waters of 
the Ordos region by headward erosion along that line, such capture must 
have antedated the Sanmen epoch. Further, the relative heights of the 
older channels above present river-level, as compared with their insig- 
nificant differences in elevation at other points up- and down-stream, 
indicate antecedent drainage, the Iluangho having been competent to 
maintain its flow by vigorous downcutting in the face of unfavorable 
uplift. This uplift appears to have been a phase of the Fenho warping 
which became active in Middle Pliocene time. Hence, in the absence of 
evidence to the contrary, it seems justifiable to assume that the river which 
received the Hipparion mammalian remains continued to flow here de- 
spite the barrier which rose across its path. 

Teilhard and Young agree that “the valley actually followed by the 
Huangho between Shensi and Shansi represents a very long period of 
erosion, already started in the Lower Pleistocene.’”!* 

This general interpretation was anticipated by Willis, even though 
at the time he crossed the area the surface deposits were not so well 
understood as they are today. “Some portions of its channel appear to 
be antecedent to upwarps of the surface, and we are thrown back to an 
earlier date than the warping for the stream’s beginning.” 7° This was 
the Fenho warping, as the term is now understood. Willis proceeds to 
outline a possible story for the region: 


“Let it be assumed that the Huangtu formation ” covered a relatively mature 
land-surface of erosion forming an extensive plain of aggradation in which the 
older topography was to a considerable extent buried. The surface was tilted 
so that the northwest portion lay higher and the southeast lowered and de- 
pressed towards the downthrow of the great normal faults of Shansi and 
Shensi. Prior to tilting there may have been the initial Huangho meandering 
in a graded valley on the Huangtu formation. Or as the result of tilting a 


4 Pp, Teilhard and C. C. Young: History of the Yellow River between Shansi and Shensi. 
Geol. Survey China. Mem. A 8. 1930, App. 2, p. 29. 

1% Bailey Willis: op. cit., p. 234. 

1% Willis’s Huangtu formation includes deposits now classed as Malan and Sanmen, as 
well as some of the Paote stage, ranging from early Pliocene to late Pleistocene. 
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large stream may have developed by rapid headwater erosion and repeated 
capture, taking a consequent course on the tilted surface. The latter seems 
to be the probable history of the Yellow River. Once established, it maintained 
its way in spite of later warpings of the surface, and has adjusted itself to a 
single exit provided by the east-west Ta-hua-shan fault [at Tungkuaa].” 


Eanruier History 


The further questions as to (1) whether this river was at that time the 
only overflow for the entire Ordos platform, and (2) whether the major 
portion of the present headwater drainage basin of the Huangho also 
emptied through this channel, are still matters of some uncertainty. 

(1) No clear indication of actual ponding of the Ordos waters in the 
Pliocene is furnished by the character of the deposits that underlie the 
Huangho in the Paotou area. A well-boring at Sarachi went through 
25 feet of Malan loess, and then through a series of sands, silts, and clays 
until at a depth of 121 feet (or about 100 feet below the present river 
surface) it struck 40 feet of gray mud, below which a sandy aquifer 
with artesian pressure extended 185 feet. The main deposit was probably 
the result of the Fenho warping, but none of the samples examined 
yielded shells by which a precise dating could be made. A well at the 
Swedish mission, a mile nearer the mountains, showed 40 feet of loess 
over alternations of red clay and sand (in beds of about 4 feet and 1 foot 
respectively) down to a 50-foot layer of red clay encountered at a depth 
of 120 feet; from 170 feet to the bottom of the well the boring was in 
coarse gravel. These sections seem to indicate a loess capping over a body 
of Sanmenian deposits of two facies, one marginal and one nearer the 
base of the depression, and point to aggradation of the same type which 
characterizes the other structural depressions of North China. The 50- 
foot bed of red clay is probably the representative of the Paote stage 
which left similar clays above the gorges to the south. The deposition 
of the finer water-laid sediments was presumably the result of the Fenho 
upwarp downstream, though whether or not ponding actually produced 
a settling basin occupied by standing water is an open question. 

In fact, the climatic and stratigraphic history of the Ordos in the 
Pliocene Period is in no way different from that of the adjoining 
provinces of Shensi and Kansu. The one difference lay in the fact that 
the Ordos behaved as a tectonic unit with only peripheral block-faulting. 
The effect of continued upwarp was to isolate it physiographically by the 
preservation of the local base-level imposed by the bedrock of the gorges 
at the point of outflow. Since this restriction was never imposed on the 
Shensi streams draining southwards, the contrast in topography only 
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became more marked with the passage of time (see map, figure 1). With 
an annual rainfall of only 12 inches—falling to 7 inches in dry years—"* 
at Palagai, close to the mountains 10 miles east of Paoteu, precipitation 
in localities nearer the heart of the Ordos must be almost negligible and 
erosion on a surface of faint relief extremely slight. 

Regarding the likelihood of an outflow directly to the east from some 
point at the edge of the Ordos, it may be seen from the map (figure 1) that 
the structural lines'* are against any outlet except possibly one starting 
northwestward and then following the course of the Sangkanho or the 
Yangho along the rift depressions paralleling the Mongolian border. 
These troughs developed in late Miocene or early Pliocene times. Care- 
ful study of the Kalgan and the Huailai depressions, of the basins 
drained by the Sangkanho, and of the belt along the Huangho divide 
between Tatung and Suiyuan, shows no features that cannot be entirely 
accounted for by the action of the present streams and their tributaries, 
under the physiographic conditions that obtained during the various 
epochs. 

(2) As to the possibilities of drainage adjustment of the Huangho in 
the higher reaches of its course, two aspects have to be considered: First, 
whether there is any evidence in favor of diversion offered by topographic 
or structural features suggesting an abandoned channel, especially at 
points where abrupt bends of the trunk river or alignment of the tribu- 
taries are themselves suggestive of diversion; and secondly, whether the 
diastrophic history of the region points to one epoch rather than another 
as the time when such diversion is likely to have taken place. 

On the first point, Kohler has recently discussed the evidence in favor 
of diversion of the Machu—as the upper Huangho above So-tsong-gomba 
is known locally—from a former course directly into a tributary of the 
Yangtze, and he considers the theory tenable, though far from being 
proved. Diversion into the Wei Valley from a point farther down- 
stream west of Lanchow along the line of the Taoho he regards as more 
open to doubt.'® 

Though speculation is rife, no critical observations appear to be on 
record for either locality. An explanation is certainly needed for the 
sharp “hairpin bend” of the Machu around the southeastern end of the 
Amne-ma-tsin (extreme southwest corner of figure 1). Tafel’s de- 


17 Based on 14 years’ record at Belgian Catholic Mission. 
1% C. C. Wang: Geological structure of Shansi. Bull. Geol. Soc. China, vol. 4, 1925, 


p. 80. 
1#°G, Kohler: Der Hwangho. Petermanns Mitt., Ergiinzungsheft 203, 1929, p. 76. 
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scription of the rise to the divide between its tributary, the Meichu, and 
the Pe-lung-chiang, which joins the Yangtze, seems to imply that a 
change of elevation of 400 meters distributed over a distance of 100 
kilometers would probably have been enough to reverse the flow of the 
Meichu at this point.2° The broad, flat-bottomed valley with its terraces 
is also suggestive. But no corresponding topography is reported from 
the Pe-lung-chiang, and as these features are often found in aggraded 
tectonic depressions they cannot with any confidence be attributed to 
ponding preceding diversion and in an area known to be subject to crustal 
movement. 

Futterer’s cross-section of the Taoho at Minchou is equally incon- 
clusive.2?_ Downstream at Ti-tao this tributary of the Huangho has a 
40-meter terrace in a flat-bottomed valley several kilometers in breadth. 

Describing the prehistoric sites of the Tao Valley, Andersson writes: 


“Originally the drainage system was located at a much higher level than 
the present one to judge from an ancient, now deeply dissected peneplain at 
about 500 meters altitude above the present level of the Tao River. From 
this peneplain vertical erosion has cut down deeper and deeper during a con- 
siderable space of time as manifested by spurs and terraces representing a 
sequence of now abandoned river levels. The oldest of these terraces are not 
very much lower than the peneplain. The youngest and consequently lowest 
of these terraces is situated only about 10 meters above the present river level. 
It is a quite modern terrace still under formation. In the Huangho valley 
around Lanchow this young 10-meter terrace is also well developed and the 
numerous big wooden water-wheels which are seen here everywhere are for the 
purpose of lifting water to irrigate fertile fields on this 10-meter terrace. 

“Half way in altitude between the higher seated old terraces and the modern 
10-meter terrace is a terrace at 50-100 meters altitude above the present level 
of the river, This terrace is by far the most conspicuous feature of the Tao 
valley. Especially on the east side of the river it can be followed continuously 
for tens of li and it forms a sharp demarcation line between two agricultural 


regions.” 


This last prominent terrace is loess-capped, and Anderson correlates 
it with the Malan terraces of the coastal region. The “higher terraces” 
clearly correspond to the Sanmenian surfaces at Lanchow and elsewhere 
in Kansu, whereas the 500-meter “dissected peneplain” developed on 
the Kueite formation must be a Pliocene surface, probably either the 
original deposition surface of the Kueite beds or an erosion surface 


2° A, Tafel: Meine Tibetenreise. vol. 2. Stuttgart, 1914, p. 284. 

See also H. d’Ollone: In Forbiddep China (trans. B. Miall) London, 1912, p. 256. 

2K. Futterer: Beitriige zur Geschichte des Gstlichen Zentralasiens u. China. Verh. 
Natur. Verein. Karlsruhe. vol. 13, 1900, p. 613. 

22 J. G. Andersson: Archaeological research in Kansu. Geol. Survey China, Mem. A 5, 


1925, p. 7. 
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trimming them. If the upper Huangho ever drained into the Wei Val- 
ley, this seems to be the likeliest line of flow, and the possibility of drain- 
age reversal along this axis is pushed back to an early Pliocene date. 
Careful study of the character of the divide at this point is therefore 
needed. But although this divide lies on a well-known caravan route 
across the range to Kungchang in the Wei basin, explorers’ records fail 
at another critical point. Route descriptions of Teichman** and others 
indicate a small low pass rather than a broad saddle, but give no further 
details. 

The second question—that regarding the diastrophic history of the 
region and the inferred probable date at which drainage readjustment, 
if any, is most likely to have taken place—must likewise await further 
data before final conclusions can be drawn. The older formations were 
warped or buckled by Cretaceous folding and then subjected to pro- 
longed subaerial erosion. The subdued surface thus produced was sub- 
sequently faulted, with the production of the tectonic depressions and -: 
horsts to which reference has been made. Until Andersson’s re-study of 
the Kueite trough above Lanchow, it was generally assumed that no 
faulting of importance took place after the Miocene. But he showed 
conclusively that red beds from which Loczy obtained Pliocene mammal 
remains have been faulted and tilted, and concluded that “this period 
of tectonic movement is evidently of very young Tertiary age and no 
parallel to it is, as far as my experience goes, known from northeastern 
China.” ** More recently the fault scarp at Taiku, near Taiyuan, the 
capital of Shansi, has furnished proof of early Pleistocene movement along 
the east side of the Upper Fenho basin.?®> As far as can be judged, this 
latter was a revived fault-line, the last movement being along a fracture 
of considerably greater age. 

Standing on the Wating Pass over the Liupanshan, overlooking the 
Kansu earthquake zone of 1920, one is conscious of being on the edge 
of a block recently uplifted above the level of the dissected peneplain 
which stretches to the horizon. The fact that the ridges are capped with 
soft shale that yields readily to erosion proves that the Liupanshan is, as 
Andersson puts it, “a mountain in the making”. Yet the deposits and 
terraces on both flanks of the range show clear evidence that depressions 
were in existence in the Pliocene Period. The point must therefore be 


°3E. Teichman: Routes in Kansu. Geog. Jour., vol. 48, 1916, p. 474. 

J. G. Andersson : Geological notes from Kansu. Bull. Geol. Soc. China, vol. 4, 1925, 
p. 15; Archaeological research in Kansu. Geol. Survey China, Mem, A 5, 1925, pl. 12, 
figs. 1 and 2; Essays in the Cenozoic. Geol. Survey China, Mem. A 3, 1923, p. 144. 

2G. B. Barbour: The Taiku deposits. Bull, Geol. Soc. China, vol. 10, 1930, p. 82. 
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emphasized that the late Tertiary movements in Kansu were only the 
waning phases of a process that had been in action for considerable time. 
Since in the Lanchow-Kueite area we appear to have a consistent history 
at least back to early in the Pliocene Period, a reorganization of the 
drainage system cannot have occurred since then. 


CONCLUSIONS 


As far as available evidence goes, the present course of the Huangho 
was already an established feature of the drainage of the region early in 
the Pliocene Period. Changes in course since then have been limited to 
the Ordos platform, and the river has retained its present points of 
entry and exit throughout the time that has elapsed. Climatic changes 
during the period involved are recorded in the character of the terraces 
at many points along its course. Localized crustal movement, beginning 
in Middle Pliocene and continuing with waning effect into the Pleistocene, 
and possibly later, has left its record both in the terraces and in the 
character of the gorges, especially those between Shensi and Shansi, 
where the channel is one indicating antecedent drainage. Diversion of 
flow may have occurred at an early stage in the river’s history, but this 
is not yet proved. The drainage as a whole is still in a youthful period of 
its development. 
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INTRODUCTION 


Middle Devonian limestones of central Ohio consist of two formations: 
below, the Columbus limestone, equivalent of the Onondaga limestone 
of New York State, 80 to 105 feet thick; above, the Delaware limestone, 
35 to 40 feet thick. A bone bed, distinctly visible in the quarries west 
of Columbus, but absent or recognized with difficulty outside of Frank- 
lin County, has been considered the boundary between the Columbus and 
the Delaware limestones. A second bone bed occurs near the top of 
the Delaware limestone in the abandoned quarries northwest of the 
Chesapeake and Ohio Railway station at Delaware, but has not been 
seen elsewhere. These two bone beds will be referred to as the lower 
and the upper bone beds. The present paper aims to show that these 


* Received by the Secretary of the Society, March 7, 1933. 
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bone beds, together with certain crinoidal layers in the Delaware lime- 
stone, are shallow-water, mechanical sediments. 


Upper Bonet Bep 
GENERAL RELATIONS 


Four feet below the top of the Delaware limestone in the Delaware 
quarries is an unconformity which cuts across the underlying fine-grained 
blue limestones at a slight angle, so that three feet more of the under- 
lying beds show at the southeast end of the quarry than at the north- 
west end. The uppermost ten feet of the Delaware limestone in Dela- 
ware County consists of dark, rusty-weathering, cherty limestones; as 
these are not found in the quarries at Delaware, it seems probable that 
the erosion of the underlying beds at the unconformity is considerably 
more than the three feet noted above. 


GROSS FEATURES 


The four feet of rock above the unconformity consists of thin-bedded, 
brown, crinoidal limestones containing abundant fish fragments, which 
are most numerous in the lowermost one to two inches. This basal layer 
is the bone bed. 

Most of the crinoidal fragments are less than one millimeter in di- 
ameter. Some show sharp, original surface detail, but many appear 
rounded and worn. Small angular or rounded fragments of fish teeth 
and plates are abundant throughout the four feet of crinoidal limestone. 
When the carbonates are removed by acetic acid, the residue is a coarse 
brown sand, mainly bone material. This too retains in part the original 
surface markings and is in part water-worn. The bone bed proper is 
not a separate layer sharply delimited above: it is merely the lowermost 
one to two inches of the crinoidal layer, in which bone material is con- 
centrated in amount and is larger in size. The largest pieces, which lie 
immediately on the old erosion surface, reach a length of nine centi- 
meters. The bone bed is of the nature of a basal conglomerate to the 
beds above the unconformity. 

Although most of the material of organic origin (fish and crinoids) 
occurs as a-coarse mechanical sediment, some entire fossils are found. 
They are not abundant, however, even in the bone bed. Chitinous shells 
of the brachiopod Orbiculoidea lodensis and fronds of the bryozoan 
Cystodictya gilberti occur unbroken and unworn. Such common fea- 
tures of mechanical sediments as ripple marks and cross-bedding have 
not been seen. 
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MICROSCOPIO FEATURES 


When treated with hydrochloric acid the material of the bone bed 
gives a residue that is largely chert, both in irregular fragments up 
to eleven millimeters in greatest diameter, and in small pieces which 
are partial or complete replacements of crinoid fragments. Besides this 
chert there remains an abundance of well-rounded quartz and chert sand 
grains up to one millimeter in diameter. Separation of the heavy con- 
stituents by bromoform gives zircon in perfect crystals and rounded 
grains, rutile, tourmaline in well-rounded grains, and garnet. A sample 
of the crinoidal limestone taken one and a half feet above the uncon- 
formity shows the same materials, the sand grains well worn and up 
to 0.3 millimeter in size. A sample taken through two feet immedi- 
ately below the unconformity showed no well-rounded quartz—only small 
angular grains up to 0.1 millimeter thick, such as are seen in every 
thin section of the limestone, of a size that well may have been brought 
in by wind. Heavy minerals—zircon, rutile, and tourmaline—were re- 


covered even here. 
SUMMARY 


The angular unconformity, the concentration of bone material in the 
base of the crinoidal layer above the unconformity, the sorted crinoidal 
fragments, and the detrital quartz and accompanying heavy minerals, 
all indicate a distinct break near the top of the Delaware limestone, with 
shallow-water conditions—probably with emergence, followed by renewed 
sedimentation when coarse mechanical deposits were swept in, in origin 
partly organic (fish and crinoidal material), partly inorganic (quartz 
and accompanying heavy minerals). This unconformity, with the over- 
lying bone bed, has not been seen outside the Delaware quarries, and the 
extent of the time break is not known with certainty. The resemblance of 
the crinoidal limestone to layers of crinoidal limestone in the underlying 
Delaware formation, the small areal extent of the unconformity, and the 
occurrence of Orbiculoidea lodensis and Cystodictya gilberti, which are 
common in the bone-bed limestones and also in the underlying Dela- 
ware, indicate that the upper beds are a local facies of the Delaware 
limestone. 

Lower Bone Bep 
GENERAL RELATIONS 


The lower bone bed is well shown west of Columbus in the extensive 
quarries on both sides of the Scioto River at Marble Cliff. This bone 
bed was thought by Orton * to be the boundary between the Columbus 


1 Edward Orton: Report on the geology of Franklin County. Ohio Geol. Survey, vol. 
3, 1878, p. 606. 
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and the Delaware limestones and was not definitely assigned to either 
formation. Recently,’ it has been considered the topmost bed of the 
Columbus limestone. The physical features to be described show it to 
be the lowermost bed of the Delaware limestone. 


4 MILE 


Edge of quarry 


COLUMBUS 

MARB 

CuFF 

TATION 


Figure 1.—Inder of Localities at the Marble Cliff Quarries 


The following quotations from Newberry * contain descriptions of the 
bed and interesting suggestions as to its origin. Conditions at the bone 


2C. R. Stauffer: The Middle Devonian of Ohio. Ohio Geol. Survey Bull. 10, 1909, 
p. 32. 

Cc. R. Stauffer, G. D. Hubbard, and J. A. Bownocker: Geology of the Columbus Quad- 
rangle. Ohio Geol. Survey Bull. 14, 1911, p. 20. 

L. G. Westgate: Geology of Delaware County. Ohio Geol. Survey Bull. 30, 1926. 
p. 26. 

2 J. S. Newberry : The Paleozoic fishes of North America. U.S, Geol. Survey Mon. 16, 
1889, pp. 30, 24. 
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bed level, with the occurrence of ripple marks in the Columbus limestone 
a short distance below, preclude deep-water accumulation. The sugges- 
tion that the rounding of the material may be due to mastication is 
interesting. 


“The stratum in question is only from two to four inches in thickness, but it 
extends over an area of many square miles. It is almost entirely composed 
of fragments of plates, teeth, spines, and dermal tubercles of Ganoids, Placo- 
derms, and Elasmobranch fishes. Unfortunately most of them are so much 
broken and worn that they are difficult and disappointing objects of study; 
but the deposit is one of peculiar interest from its mode of formation and from 
the comprehensive view it gives of the Devonian fish fauna. 

“Here we have the assemblage of millions on millions of generally imperfect 
but mostly recognizable organs or fragments of the bony structure of the forms 
of fish life most characteristic of the Devonian age. There are many entire 
teeth and dermal tubercles, but these are always detached and scattered. 
Most of the fragments are worn and rounded, and have evidently been sub- 
jected to some sort of triturating agency. They have the aspect of having 
been beach-worn, but the mass is almost entirely organic, and it is difficult to 
understand how it could have accumulated along a shore line without some 
intermingling of sand or pebbles. It forms a thin layer in a thick sheet of 
organic sediment, which must have been deposited in comparatively deep 
water, for no land wash of any kind is associated with it. It has seemed to 
me not impossible that this fish bed was made up of excrementitious matter, 
and that it represents the hard and indigestible parts of fishes which have 
served as food for other and larger kinds. On this supposition the fragmentary 
and worn appearance of the bones would be attributable to the crushing, mac- 
eration, and partial digestion which they have suffered. If this is the true 
history of the deposit, it accumulated in some nook or bay, perhaps bordering 
a coral reef, where large and small fishes congregated age after age until their 
‘kjokkenméddings’ formed a sheet some inches in thickness all over the sea 
bottom. [p. 30.] 

“The bone-beds of the Corniferous limestone, in which the remains of mil- 
lions of marine fishes of middle Devonian age are strewn over the old sea bot- 
tom, contain numerous stud-like, often highly ornamented dermal tubercles, 
and occasionally fragments of the pectoral spines of Machaeracanthus, but 
almost no teeth of cartilaginous fishes. Many teeth of Onychodus are there, 
often broken and sometimes worn, as though having suffered trituration; but 
the limestone in which they lie was deposited in comparatively deep and still 
water, and they could only have been broken and worn by violence or the 
digestive energy of the fishes which swallowed them.”  [p. 24.] 


In the Marble Cliff quarries the Columbus-Delaware contact condi- 
tions vary even within short distances. Usually, the top surface of the 
Columbus limestone is a plane or is gently undulating; occasionally, it 
is interrupted by U- or V-shaped depressions an inch or two in depth. 
At two places visited (Figure 1, localities A and B) it is sharply rolling; 
the first of these localities is shown in Figure 2. Here the bone bed is 
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absent; a 1-inch layer of limy shale lies on the contact and passes up 
into the thin-bedded, blue-gray, cherty limestone of the Delaware. The 
surface of the Columbus is smooth and cuts squarely across corals and 
large spiny shells of Platyceras dumosum. It passes under the basal Dela- 
ware beds without reduction of relief; this and the concentration of 
crinoidal sand in the hollows at the second locality, mentioned below, 
show that the unevenness existed prior to the deposition of the bone bed. 
The rolls suggest ripple marks, though a complete absence of trend in 
the ridges and a vertical relief of four inches in hummocks eighteen inches 
apart make this explanation improbable. How the surface irregularity 
was produced is not clear; study is still in progress to determine the 
relative importance of possible factors, such as bottom scour, solution, 
flowage before consolidation, erosion during the Columbus-Delaware 
interval. 

Figure 3 shows a similar uneven contact in a small quarry on the 
east side of the Scioto River (Figure 1, locality B) near the Marble 
Cliff station of the Pennsylvania Railroad. The crinoidal and fish ma- 
terial lies discontinuously in the hollows, and above this is limy shale, 
then thin-bedded limestone. 

Irregularity in the occurrence of the bone bed has been mentioned. 
At the place described above as Locality A, Figure 1, it is absent. To 
the south, 400 feet, is found a 6-inch layer of fossiliferous, crinoidal 
limestone, with abundant fish fragments, the typical bone bed. At this 
point, limestone pebbles are found in the bone bed. Again, 200 feet 
farther southeast the bone bed is lacking, shaly limestone resting directly 
on the Columbus. 

Along the south side of the Williams quarry (Figure 1, locality C) 
the bone bed has a thickness of 16 inches and is double. At the very 
top is a 2-inch layer, usually red, with abundant fish material, which 
might easily be taken for the whole of the bone bed. It makes a sharp 
contact with the underlying bed along a plane, gently rolling but with 
occasional sharp down-bends. Below this surface are two 7-inch layers 
of limestone, which make the main part of the bone bed. The upper 
layer is conspicuously crinoidal only in its lower part; the lower layer 
is coarsely crinoidal throughout. The crinoidal parts have abundant fish 
material. Immediately below is the gray Columbus limestone, carrying 
Spirifer duodenarius and Reticularia fimbriata. The two 7-inch layers 
of crinoidal limestone carry Delaware forms. On the west side of the 
same quarry (Figure 1, locality D) the bone bed is 11 inches thick, 
the lower part much as at locality C but with fish material largely 
absent from the top layer. In the Casparis quarry (Figure 1, local- 
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ity E) and along the west side of the north quarry (Figure 1, locality F) 
the bone bed is present, but not conspicuous. 
GROSS FEATURES 


Hand specimens of the bone bed show fish fragments scattered through 
a matrix of crinoidal limestone. The fish fragments vary in size from 


Figure 2.—Uneven upper Surface of the Columbus Limestone passing beneath the 
basal Beds of the Delaware Limestone 


a coarse sand to pieces three to four centimeters in length. That the 
bone bed is mainly a limestone is shown by the following analysis *: 


Per cent 


‘Edward Orton: Ov. cit., p. 611. 
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Analysis shows four times as much carbonate (calcite and dolomite) 
as fish material. 

Mechanical action is shown by the frequent rounding of the bone frag- 
ments and of brachiopod shells, and especially by the rounding and wear 
of zaphrentoid corals immediately above the unconformity. Yet mixed 
with this worn material are found unworn, and sometimes delicate, fish, 
brachiopod, and bryozoan remains. In a few places rounded limestone 
pebbles up to nine centimeters in length are found in the bone bed. 


MICROSCOPIC FEATURES 


The residue left after treatment with hydrochloric acid is like that 
obtained from the upper bone bed, though not so large in amount. Ig- 
noring chert and pyrite as secondary, we find the heavy minerals—zircon, 
tourmaline, garnet, hornblende—and quartz in angular or rounded grains 
up to 0.8 millimeter in diameter, the larger grains usually well rounded. 


FAUNAL BREAK 


A distinct faunal change, as well as a physical break at the bone-bed 
level, occurs in the Columbus region. At the top of the Columbus lime- 
stone a narrow zone carries: 

Nucleocrinus verneuili 
Spirifer acuminatus 
Spirifer duodenarius 
Reticularia fimbriata 

None of the first three is found in the bone bed, and Reticularia fim- 

briata only rarely. The commonest bone-bed forms are: 
Leptaena rhomboidalis 
Stropheodonta demissa 
Stropheodonta perplana 
Rhipidomella vanuxemi 
Delthyris consobrina 
Martinia maia 

The first four of this second list occur, although much less abun- 
dantly, in the Columbus limestone; the last two are confined to the 
Delaware. In the thin-bedded limestones just above the bone bed the 
typical Delaware fauna is present. Faunally, the bone bed belongs with 
the Delaware and not with the Columbus. 


LOCAL PHYSICAL BREAK 


The bone bed and the accompanying physical break, so well shown in 
the quarries west of Columbus, are not found to the north in Delaware 
County. At Deep Run, which enters the Olentangy River from the east 
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two miles north of the Franklin County line, scattered fish fragments 
occur near the contact, but no bone bed was seen, and no physical break 
marks the passage from the Columbus to the Delaware formation. The 
faunal change, however, is marked—nearly as marked as at Marble Cliff. 
The same statements may be made concerning the quarries at Delaware 
(contact now under water) and the exposures at the Klondike, or Raney, 
quarry on the east side of the Scioto River below White Sulphur. The 
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FIGURE 3.—Columbus-Delaware Contact in Quarry near Marble Cliff Station of the 
Pennsylvania Railroad 


physical break at the boundary between the Columbus and the Delaware 
limestones in central Ohio seems to be limited to the Franklin County 
area. 
SUMMARY 

The lower bone bed at Columbus, like the upper bone bed at Delaware, 
lies above a physical break. No angular unconformity has been recog- 
nized, but there is distinct evidence of a disconformity. Although a 
marked faunal change occurs at the contact, a considerable number of 
forms are common to the uppermost Columbus and to the bone bed. 
However, the uneven surface of the Columbus, the distinct lithologic 
contrast between the Columbus and the Delaware, and the bone bed it- 
self, with its worn fish, crinoid, brachiopod, and coral material, and 
its occasional pebbles and sandy insoluble residue, all point to disturbed 
conditions, during which were laid down the first layers of the Dela- 
ware, a mechanical sediment mainly of material of organic origin. 


CrinompaL SANDS WitHout MATERIAL 


In the upper part of the Delaware limestone, layers of crinoidal lime- 
stone, resembling the crinoidal limestones associated with the two bone 


‘= 

COLUMBUS LS. 
_ | 


1170 WESTGATE AND FISCHER—BONE BEDS AND CRINOIDAL SANDS 


beds, carry negligible amounts of fish material. These crinoidal layers 
also are regarded as mechanical sediments. 

At the Delaware quarries three feet below the unconformity is a layer 
of fine-grained blue-gray limestone, three feet three inches thick, marked 
by the presence of the small coral J/adrophyllum @orbignyi. This sharply 
defined Hadrophyllum bed is found as far south as Dublin. In it, at 
the Delaware quarries, is a 6-inch layer of coarse crinoidal limestone 
which contains abundant fronds of Cystodictya gilberti. The only feat- 
ures here that suggest a mechanical sediment are the crinoidal character 
of the layer itself, a considerable amount of well-rounded quartz grains 
up to 0.5 millimeter in diameter, and some accompanying heavy minerals 
in the insoluble residue. 

Just north of a red brick schoolhouse, two and a half miles south of 
Delaware and a mile north of Stratford, is a small abandoned quarry in 
the west bank of the Olentangy River. Here, the //adrophyllum bed 
is a crinoidal layer about eight inches thick, which occurs at the level 
of the school yard. The separation from the underlying, fine-grained 
limestone is sharp, and occasionally the crinoidal material drops into 
pits, an inch or less deep, in the lower beds. Flattened and subangular 
pebbles of this limestone, up to ten centimeters in length, lie in the 
erinoidal matrix. One pebble was broken across and healed by a narrow 
band of crinoidal sand. The insoluble residue of the limestone shows 
quartz sand, the larger grains well rounded and reaching a diameter of 0.4 
millimeter ; also a little zircon and plagioclase. 

On Case Run, which enters the Olentangy River from the east, half a 
mile south of Lewis Center, similar conditions are found. lZadrophyllum 
@orbignyt occurs in a crinoidal layer, which at one or two points dips into 
small pockets in the underlying fine-grained limestone. Fragments of the 
crinoidal limestone containing pebbles of the fine-grained limestone were 
found in the bed of the run. Farther south, at Deep Run, the Hadro- 
phyllum zone has at its base a few inches of crinoidal limestone. 


CONCLUSION 


The bone beds at the base and near the top of the Delaware limestone 
are regarded as mechanical sediments forming a sort of basal conglom- 
erate above two unconformities. Further, the crinoidal limestones, in the 
bottom of which the bone beds occur, are also considered to be mechanical 
sediments. This view is extended to include layers of crinoidal limestone 
in the upper part of the Delaware limestone, which contain no consider- 
able amount of fish material. 
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This implies that the Devonian sea at the beginning of Delaware time, 
and again towards the end of the period, was so shallow that rather coarse 
material was shifted over its bottom. Similar crinoidal sands have not 
been noted in the Columbus limestone, which is considered to have been 
deposited in a clearer and deeper sea. Ripple-marked surfaces, however, 
occur in the Columbus at at least three levels within thirty feet of the 
top. The evidence for shallow-water conditions during Delaware time, 
presented by the bone beds and crinoidal sands, is supported by the larger 
amount of shaly material in the Delaware limestone, shown both by the 
shaly partings between the limestone layers and by the larger amount of 
shaly residue obtained from the limestones themselves, as contrasted with 
the Columbus. Such evidences of shallow water as ripple marks and 
cross-bedding were not seen in the Delaware limestone. 


4 

i 
¢ 
g 
x 
| 
i 
| 
‘ 4 
i 
4 
i : 
x 


4 
| 
ay 

* 


BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 
VOL. 44, PP. 1173-1218, PLs. 59-61 DECEMBER 31,1933 
PROCEEDINGS OF THE PALEONTOLOGICAL SOCIETY 


MIDDLE ORDOVICIAN POLYCHAETA FROM MINNESOTA? 


BY CLINTON R. STAUFFER 


(Read before the Paleontological Society, December 28, 1932) 


CONTENTS 
Page 
INTRODUCTION 


Middle and Upper Ordovician formations are well developed in Min- 
nesota, where the following classification is usually recognized : 


Cincinnatian 
Maquoketa shale 
Mohawkian 
Galena limestone 
Stewartville dolomite 
Prosser limestone 
Decorah shale 
Platteville limestone 
Glenwood beds 
Chazyan 
Saint Peter sandstone 


The Glenwood beds are generally of slight thickness and rest discon- 
formably on the Saint Peter sandstone. Although these beds are not 
very fossiliferous, their contained fauna is sufficiently distinctive to cause 


them to he included in the Mohawkian series. 
Kay has established a three-fold division of the Decorah formation ? in 


1 Manuscript received by the Secretary of the Society, March 31, 1933. 
This contribution is made possible through the research funds of the Graduate School, 


University of Minnesota. 
2G. M. Kay: Stratigraphy of the Decorah formation. Jour. Geol., vol. 37, 1929, pp. 


639-671. 
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Iowa. These divisions can be recognized to some extent in Minnesota as 
well, but they are less distinct than farther to the south. In fact, the 
formation in Minnesota is more truly a shale, and many of its limestone 
layers are lenticular. Faunally, however, subdivision is possible. The 
Decorah shale is easily separated from the Platteville limestone, but it 
grades upward into the basal layers of the Prosser limestone. 

All these formations are fossil-bearing, and in some localities they are 
crowded with organic remains. Many of the fossils are large and easily 
distinguished, but others are small and require the use of the microscope 
for their identification. Among the microscopic fossils found in the 
Decorah shale are minute, shiny black to dark-brown jaws set with teeth, 
and occasional odd-shaped plates of the same black material as that com- 
posing the jaws. So similar are all of these to the chitinous jaws of mod- 
ern Polychaeta that their classification with that order was early sug- 
gested. As in the living species of Nereis, these jaws and teeth are hollow 
and apparently were largely filled with soft tissue. The wealth of this 
microscopic fossil fauna at certain horizons in the Decorah shale led to 
an extension of the study, and similar forms were then discovered in the 
Glenwood beds and in all the other Middle and Upper Ordovician forma- 
tions in Minnesota, as well as in the adjacent territory. 

Jaws and plates are easily washed out and recovered from the shale 
by the usual methods applied in the preparation of Foraminifera. They 
have, however, the advantage of being insoluble in hydrochloric acid, and 
hence are recoverable as free specimens from the limestones as well. The 
fossil Polychaeta of the Platteville limestone were found first in the mate- 
rials prepared for a study of the heavy residuals, which are especially com- 
mon in the basal portion of that formation. However, these fossils are not 
limited to any particular horizon. They occur commonly in association 
with conodonts, ostracodes, minute gastropods, pelecypods, sponge spi- 
cules, and fragments of graptolites, together with coprolites, phosphatic 
nodules, and grains of material more or less foreign to other parts of the 
formation. Moreover, many specimens of the Polychaeta are badly cor- 
roded and water-worn, often being reduced to mere shells, as though they 
had been long weathered on the beach before being covered by sedimenta- 
tion. Apparently, they are more abundant in or near formational contact 
zones or at horizons of slow sedimentation. All this suggests that the 
usual habitat of these ancient Polychaeta was on the tidal flats or near the 
low-water mark, which is also the preferred environment of many of their 
modern representatives. It appears, therefore, that not only the hard 
parts of these animals, but also their life habits, have changed but little 
since Paleozoic time. 
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Fossil Polychaeta were discovered and first described by Pander from 
specimens found in the Ordovician of Russia.* Ehlers was probably 
the first to recognize them as belonging to the Polychaeta‘ although 
letters and drawings by Professor Angelin of Stockholm indicate that 
he had recognized these fossils as aunelids as early as June, 1864. These, 
however, were never published but are referred to by Hinde in his paper 
on the Isle of Gotland. His specimens were unusually complete, pre- 
serving not only jaws with parts in place, but also impressions of the 
entire animal showing the parapodia and even the arrangement of the 
setae. However, his specimens were of Jurassic age and still left some 
doubt as to the classification of the older forms. Hinde found the jaws 
occurring in great abundance in the Upper Ordovician and the Silurian 
of the Toronto region of Canada.° From these horizons he described 
several genera and a number of species. He found similar forms in the 
Hamilton beds of southwestern Ontario and in the Lower Carboniferous 
of Scotland.* Later he discovered them in the Silurian of England * and 
in strata of similar age on the island of Gotland.* In the Hamilton shales 
at Canandagua, New York, Clarke found a number of specimens, among 
which was one with maxillae® in place. In this latter specimen, the 
marked similarity of the plates and of their arrangement to those in the 
modern forms established the correctness of the classification of these 
Paleozoic jaws among the Polychaeta. Finally, Walcott found remark- 
able specimens of Poylchaeta among his Burgess shale fauna.'® ‘These 
show the exterior of the animal with parapodia and setae well preserved. 
So similar to modern forms are some of Dr. Walcott’s specimens that it 
is almost incredible that they lived during the Middle Cambrian. 

Ehlers initiated the practice of deriving the generic names of the fossil 
forms from the modern genera which they resemble. Hinde followed ‘-is 


$C. H. Pander: Monographie der fossilen Fische des silurischen Systems der Russisch— 
Baltischen Gouvernements, 1856. p. 72. 

*E. Ehlers: Ueber fossile Wiirmer avs dem lithographischen Schiefer in Bayern. 
Palaeontographica, Dunker und Zittel, vol. 17, 1867-70, pp. 145, 146. 

®G. J. Hinde: On Annelid Jaws from the Cambro-Silurian, Silurian, and Devonian 
Formations in Canada and from the Lower Carboniferous in Scotland. Quart. Jour. 
Geol. Soc. London, vol. 35, 1879. pp. 370-372. 

6G. J. Hinde: op. cit., pp. 384-387. 

7G, J. Hinde: On Annelid Jaws from the Wenlock and Ludlow Formations of the 
West of England. Quart. Jour. Geol. Soc. London, vol. 36, 1880, p. 368. 

8G. J. Hinde: On Annelid Remains from the Silurian Strata of the Isle of Gotland. 
Bihang. K. Svensk, Vetensk. Akad. Handl. 1882. vol. 7, no. 5, pp. 1-28, pls. I-III. 

*J. M. Clarke: Annelid teeth from the lower portion of the Hamilton Group and from 
the Naples shales of Ontario County, New York. Sixth Ann. Rept. State Geologist of 
New York, 1887, p. 33, pl. A, fig. 23. 

CC, D. Walcott: Middle Cambrian annelids. Cambrian Geology and Paleontology, 
vol. 2, Smithsonian Mise. Coll., vol. 57, no. 5, 1911, pp. 109-144, pls. 18-23. 
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example and referred the genera thus established to the same families as 
those to which the similar living genera belong. The parapodia and setae 
are regarded as of especial significance in separating recent species. 
These are entirely unknown in the Ordovician specimens, the identifi- 
cation of which must be made from jaws and plates alone. This makes 
the task of separating species, or even genera, exceedingly difficult. How- 
ever, it is possible to recognize the mandibles and the different plates of 
the maxillae, although it may not be certain which belong together. On 
this account it seems better to give the genera broad definitions and 
not to define the species too closely, since it is impossible successfully to 
restore the scattered mouth parts to their proper positions. 

In addition to some of the genera already known, the Ordovician mate- 
rial under discussion contains others which are here described, together 
with a number of new species. 

For convenience, in these descriptions, the jaw is regarded as resting 
on a plane surface with the teeth up. The part which then comes in con- 
tact with the surface, or approximately so, is the base. It seems evident 
that the larger tooth is at the anterior end. This anterior tooth may be 
curved forward, away from all the others, and upward to form a hook. 
The end opposite the anterior tooth, or hook, is the posterior. The dentic- 
ulated ridge, or edge, bears the teeth of smaller size which succeed the 
hook, and these are usually inclined toward the posterior, in which direc- 
tion they frequently decrease in size. 

The depth of the jaw is the vertical dimension at right angles to the 
denticulated edge, and the width, applied to the base of the jaw, is meas- 
ured at right angles to both length and depth. In referring to the 
denticulated ridge, or edge, it is convenient to use thickness instead of 
width. Since the anterior tooth, or hook, doubtless curved in toward the 
mouth, the oral side, or face, is referred to as the inner side, or face, 
and the other side is the outer side, or face. 

The base of the jaw, or dental plate, is merely an expansion of the dentic- 
ulated ridge that serves to increase the stability of that important arma- 
ture. It is hollow, and this hollowness extends to the teeth. The expan- 
sion of the base takes the form of flattened shelflike flanges, best devel- 
oped on the inner side, but in some genera occurring on both inner and 
outer sides. In some forms, such as those possessing second and third 
set of dental plates, the flange may thin toward the outer margins and 
undoubtedly passed into the soft tissue of the proboscis or around the 
mouth. In other forms the limits of these expansions are definite; the 
jaw must have terminated abruptly. 


5 


DESCRIPTION OF GENERA AND SPECIES 1177 


DESCRIPTION OF GENERA AND SPECIES 
Family EUNICIDAE 
Genus ARABELLITES, Hinde, 1879 


This genus, as defined by Hinde, includes a number of widely differing 
fossil forms which, in general, resemble the dental plates of the living 
genus Arabella. These different forms he designated as follows: 

1. “Jaws with an extremely prominent anterior hook, and a row of 
smaller teeth on a wide base.” These he thought were the first pair of 
dental plates. 

2. “Sickle-shaped jaws and allied forms.” These he thought were the 
second pair of dental plates. 

3. “Jaws quadrate in form, with a straight upper edge of small teeth.” 
These he regarded as the lower jaws. 

It has been necessary to give the various forms suggested a rather 
generous interpretation because of the general character of the state- 
ments in the original definition. Thus, the extremely prominent hooked 
forms may show evidences of teeth developing along the denticulated 
ridge immediately following the hook without the usual intervention of 
a smooth space, and the sickle-shaped forms may begin to develop a flat- 
tened area on the inside of the curve, which may be the beginning of a 
flange. 

ARABELLITES ACERBUS, n. sp. 


Plate 59, figure 22 


Holotype.—Geological Museum, University of Minnesota, B 4174. 

Description—Jaw or dental plate, thin, deep, with the denticulated 
ridge sharp, arcuate, and bearing a series of 11 or 12 sharp, backward- 
pointing teeth, of which 8 or 9 are preserved. Posterior end, or about 
one fifth of the total length of the denticulated ridge, is smooth. Under 
edge of the jaw is concave, and below the anterior tooth is a downward 
projection or spine representing the basal part of the hook. 

Horizon and locality—Upper part of the Decorah shale; Fillmore, 
Minnesota. 

ARABELLITES ACUTIDENTATUS, n. sp. 


Plate 59, figures 14, 15, and 27 


Holotype.—Geological Museum, University of Minnesota, B 4168 and 
B 4179 (paratype). 

Description Jaw or dental plate, arcuate with a stout thick base and 
a narrow flange on the inner side. Denticulated ridge or margin is low 


‘ 
f 
i 
i 
i 
i 
by 


1178  cLINTON R. STAUFFER—-POLYCHAETA FROM MINNESOTA 


and wide and bears a large, sharp hook, or anterior tooth, which is sue- 
ceeded by a series of 6 or 7 smaller sharp teeth. These latter, after the 
first or second, gradually decrease in size towards the posterior end. On 
the inner side the base is produced nearly at right angles to the hook into 
a sharp angle or spine. 

Horizon and locality.—Basal Platteville limestone; Johnson Street 
Quarry, Minneapolis, Minnesota. 


ARABELLITES ARMILLARIS, n. sp. 
Plate 59, figure 2 


Holotype.—Geological Museum, University of Minnesota, B 4157. 

Description.—Jaw, elongate, thick, and of nearly the same depth 
throughout, although tapering slightly at the ends, thus arching the dentic- 
ulated edge. Anterior end evidently with a moderate hook succeeded 
by a series of about 22 nearly vertical small teeth decreasing in size to- 
wards the posterior end. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


ARABELLITES BREVIDENTATUS, n. sp. 
Plate 59, tigure 11 


Holotype.—Geological Museum, University of Minnesota, B 4166. 

Description.—Jaw, crescentic or semielliptic, with the front and the 
major portion of one limb bearing a denticulated ridge; the other limb 
extending into a rod or spinelike projection without teeth. Curved front, 
and outer, margin bears 11 short, stout teeth which increase in size to- 
wards the front, the anterior one or two being rather large. About one- 
third of the ridge on the outer limb is without denticulation of any kind, 
and the upper half has a slight, curved flange. Such crescentic jaws are 
probably the second dental plates of the animal. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


ARABELLITES CONTRITUS, n. sp. 
Plate 59, figure 5 
Holotype.—Geological Museum, University of Minnesota, B 4160. 
Description.—Jaw, somewhat crescentic or semielliptical, with one end, 


or limb, tapering and carrying the denticulated ridge on the outer rim. 
The other end rounded, smooth, and possibly tapering to a point. Two 
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anterior teeth, somewhat small, sharp and curving, are followed by a 
series of six short stout blunt teeth. 

Horizon and locality.—Lower part of the Decorah shale; University of 
Minnesota campus, Minneapolis, Minnesota. 


ARABELLITES DIGONUS, n. sp. 
Plate 59, figure 12 


Holotype-—Geological Museum, University of Minnesota, B 4167. 

Description—Jaw, thick, crescentic. On the upper margin or outer 
rim of the crescent there are 10 short, stout teeth which increase in size 
slightly towards the anterior end, where they terminate abruptly. From 
the lower margin or inner rim of the crescent there extends a short, 
smooth, tapering projection representing the smooth limb. This is ap- 
parently the second tooth or jaw. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


ARABELLITES ECCENTRICUS, n. sp. 


Plate 59, figures 3, 10, and 13 


Holotype.—Geological Museum, University of Minnesota, B 4158 
and B 4165 (paratype). 

Description.—Jaw, sickle- or crescent-shaped, with one end, or limb, 
smooth and pointed. The other end is much elongated, tapers gradually, 
and ends bluntly. The anterior tooth is elongate, slightly larger than 
the other, and distinctly arched. It is succeeded along the denticulated 
edge by 12 to 18 gradually diminishing sharp teeth which terminate 
before the blunt end is reached, the first two or three of this series being 
curved like the anterior tooth. The inner face of the jaw is concave; the 
outer, convex. 

Horizon and locality —Glenwood beds (middle and upper) ; Washing- 
ton Avenue Bridge, Minneapolis, Minnesota. 


ARABELLITES ERECTUS, n. sp. 
Plate 61, figure S 


Holotype.—Geological Museum, University of Minnesota, B 4240. 

Description—Jaw, with a broad, thick hase, the outer side of which 
carries a deep groove. Projected backward and downward from the 
posterior end of the base is a blunt rodlike extension. The denticulated 
ridge, along the outer margin, makes a double curve or twist and bears 
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17 or 18 similar small teeth. The inner side bears a broad, concave 
flange, terminating in a low spine of the anterior tooth. This is the 
shape of dental plate which Hinde originally regarded as a lower jaw, 
but later expressed doubt as to its position. 

Horizon and locality—Glenwood beds (middle) ; Washington Avenue 
Bridge, Minneapolis, Minnesota. 


ARABELLITES EXIGUUS, n. sp. 
Plate 59, figure 24 


Holotype.—Geological Museum, University of Minnesota, B 4176. 

Description Jaw, with a short, crescent-shaped base, along one mar- 
gin of which the denticulated ridge rises, bearing a series of 8 nearly 
equal teeth, although the anterior tooth is slightly longer. The opposite 
limb of the crescentic base is short and pointed, and at the end curves 
upward to rise above the level of the toothed margin. 

Horizon and locality.—Glenwood beds (middle) ; Washington Avenue 
Bridge, Minneapolis, Minnesota. 


ARABELLITES GIGANTEUS, n. sp. 
Plate 59, figure 6 


Holotype.—Geological Museum, University of Minnesota, B 4161. 

Description.—Jaw, subquadrate, slightly arched on the inner side, and 
terminating anteriorly in a stout hook with a slightly inward curve. The 
upper margin of the main part of the jaw is armed with a dozen or more 
short conical teeth, curving slightly inward and backward. A broad 
low ridge or carina, with a groove in front, originating on the lower part 
of the hook, dips below or forms a bulge on the base of the jaw near its 
center. A flattened area, near the teeth, forms a slight projection near 
the posterior end of the jaw. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


ARABELLITES GREGALIS, n. sp. 
Plate 59, figures 4 and 25 


Holotype.—Geological Museum, University of Minnesota, B 4159 and 
B 4175 (paratype). 

Description—Jaw, nearly straight, deep, and laterally compressed. 
Hook almost in line with the denticulated ridge, large and rather sharp. 
Succeeding the hook, along the denticulated ridge on the upper edge of 
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the bar, is a series of about a dozen backward curving teeth which de- 
crease in size towards the posterior end. The base is about one-fourth 
as deep as the length of the jaw. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. Glen- 
wood beds (middle) ; Washington Avenue Bridge, Minneapolis, Minne- 
sota. Lower Decorah shale; Fillmore, Minnesota. Basal bed of the 
Decorah shale; Guttenburg, Iowa. 


ARABELLITES IGNOTUS, n. sp. 
Plate 61, figure 21 


Holotype.—Geological Museum, University of Minnesota, B 4252. 

Description Jaw or dental plate, with the expanded base truncated 
posteriorly and having a prominent ridge or knob developed on the 
posterior inner side. The denticulated ridge is thin, narrow, straight, 
and bears a series of 12 small teeth which decrease in size towards the 
posterior. Anterior end is marked by a well-developed hook, almost in 
line with the other teeth but curved slightly inward and very slightly 
backward. The outer side of the jaw has a groove that has the appear- 
ance of a narrow flange from the middle to the posterior end. 

Horizon and localities—Glenwood beds (upper) ; Washington Avenue 
Bridge, Minneapolis, Minnesota. Middle part of the Decorah shale; 
Fountain, Minnesota. 


ARABELLITES MINUTUS, n. sp. 
Plate 59, figure 20 


Holotype-——Geological Museum, University of Minnesota, B 4172. 

Description.—Jaw, crescentic to semielliptic. Outer limb, long, shal- 
low, tapering, and denticulated along its upper margin. Dental series 
consists of 13 or 14 round-crested teeth and terminates abruptly in a 
large, pointed front tooth. Inner limb is short, round, and spinelike, 
about equaling the length of the front tooth. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


ARABELLITES MODESTUS, n. sp. 
Plate 59, figures 16 and 17 
Holotype.—Geological Museum, University of Minnesota, B 4169. 
Description—Jaw, crescentic. Denticulated ridge on the outer mar- 
gin of the base is curved and bears 6 backward-directed teeth in addition 
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to the anterior one, which is much longer, larger, and more highly curved. 
On the inner side of the base a narrow concave flange is developed, the 
inner edge of which meets the outer margin of the base in a spinelike 
projection that turns up, toothlike, at the tip. 
Horizon and locality—Upper part of the Decorah shale; Fillmore, 
Minnesota. 
ARABELLITES PRISCUS, n. sp. 


Plate 59, figure 1 


Holotype.—Geological Museum, University of Minnesota, B 4156. 

Description.—Jaw or dental plate, elongate, laterally flattened or com- 
pressed and extended into a strong, curved tooth or hook, followed along 
the denticulated edge by a series of 7 or 8 strong, sharp, curved teeth 
which decrease in size towards the posterior. Posterior end is truncated. 
Lateral faces of the base are thickest near the teeth, where a weakly 
developed ridge prevails. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation ; Ford Bridge, Minneapolis, Minnesota. Decorah 
shale; Zumbro River, Kenyon, Minnesota. 


ARABELLITES TANTUS, n. sp. 
Plate 59, figure 7 


Holotype.—Geological Museum, University of Minnesota, B 4162. 

Description.—Jaw, large, elongate, with the upper and lower edges 
nearly parallel. Upper edge bears a series of 22 teeth, closely crowded 
and blunt at the posterior but becoming more widely spaced and pointed 
toward the anterior end. In front the base of a large strong hook is 
preserved, evidently the first or great dental plate. 

Horizon and localities—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. Lower 
Decorah shale; Guttenburg, Iowa. 


ARABELLITES TENUIDENTATUS, n. sp. 
Plate 59, figure 8 


Holotype-—Geological Museum, University of Minnesota, B 4163. 

Description.—A specimen with flattened base that has a low, thick 
denticulated ridge, along the edge of which are 9 or more teeth, slender 
and decreasing in length and importance from the anterior. Larger tooth 
in front, oriented slightly out of line with the others and extended down- 
ward as a ridge across the base of the jaw. Outer side of jaw, convex; 
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inside, concave or semielliptical, with one limb extending into a spinelike 
process and the other carrying the denticulated ridge. 

Horizon and locality —Glenwood beds (upper); Washington Avenue 
Bridge, Minneapolis, Minnesota. 


ARABELLITES TUMIDUS, n. sp. 


Plate 59, figure 9 


Holotype——Geological Museum, University of Minnesota, B 4164. 

Description.—Jaw, with shallow, sharply arcuate base. Inner limb, 
comparatively short, smooth, and pointed. Outer limb, bearing denticu- 
lated ridge, topped by a series of 10 to 12 stout teeth. Anterior tooth or 
hook, elongate, slightly enlarged, and curved around at right angles to 
the ridge. One or two other members of the series are on the curved 
anterior end of the denticulated ridge. The teeth following the hook are 
similar in size except near the posterior end, where they decrease rapidly. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation ; Ford Bridge, Minneapolis, Minnesota. 


ARABELLITES sp. a 
Plate 59, figure 19 


Figured specimen.—Geological Museum, University of Minnesota, 
B 4171. 

Description.—Fragmentary jaw, showing a thick, deep base with a 
blunt denticulated edge carrying 9 or 10 backward-curving, short, stout 
teeth. Anterior tooth is about twice the size of the other members of the 
series, but the hook was probably even larger. Outer and inner side of 
the jaw, convex, the inner side bearing a crenulated longitudinal ridge. 

Horizon and locality.—Basal Platteville limestone; from the drill core 
in test well No. 42, Saint Paul, Minnesota. 


ARABELLITES sp. b 
Plate 61, figure 16 


Figured specimen.—Geological Museum, University of Minnesota, 
B 4247. 

Description —Fragmentary jaw clinging to a piece of rock. Outer 
surface of a deep arcuate jaw having numerous, closely set teeth along 
the outer margin of the denticulated limb. The other limb is smooth and 
short. 


LXXVII—Butu. Grou. Soc. AM., Vou. 44, 1933 


| 
4 
4 


1184 


CLINTON R. STAUFFER—-POLYCHAETA FROM MINNESOTA 


Horizon and localities—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. Basal 
Decorah shale; Guttenburg, Iowa. 


Genus EUNICITES, Ehlers, 1868 


Jaws, with an elongate, compressed plate rounded in front or curved 
inward and upward, having a prominent anterior tooth followed by a 
series of subequal teeth which may be upright or directed backward. Some 
forms have a small rod, or support, attached to the inner side of the ante- 
rior portion of the jaw. They differ from other similar forms, however, 
in Jacking a true flange. 


EUNICITES EXIMIUS, n. sp. 
Plate 59, figure 25 


Holotype-—Geological Museum, University of Minnesota, B 4177. 

Description.—Jaw, consisting of a gently arched base with tapering 
posterior end. Anterior end is provided with a sharp, curving tooth, so 
turned that the inner side faces the posterior. Denticulated ridge is 
arched and provided with about a dozen sharp, backward-curving teeth 
decreasing in size unevenly towards the posterior. 

Horizon and locality—Upper part of the Decorah shale; Fillmore, 
Minnesota. 


EUNICITES sp. a 
Plate 59, figure 26 


Figured specimen.—Geological Museum, University of Minnesota, 
B 4178. 

Description.—Fragmentary compressed jaw, with a rounded front, deep 
base, the upper margin carrying five long, slender teeth. 

Horizon and localities —Lower part of the Decorah shale; University 
of Minnesota campus, Minneapolis, Minnesota. Decorah shale; 30 feet 
above the Upper Iowa River, Decorah, Iowa. 


EUNICITES sp. b 
Plate 59, figure 28 
Figured specimen.—Geological Museum, University of Minnesota, 
B 4180. 


Description.—Fragmentary jaw or dental plate, with a short base bear- 
ing a denticulated ridge with a series of 9 teeth gradually diminishing in 
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size or prominence towards the posterior. Anterior tooth is more elongate, 
slender, and somewhat off the main denticulated ridge. 

Horizon and locality.—Glenwood beds (upper) ; Washington Avenue 
Bridge, Minneapolis, Minnesota. 


EUNICITES sp. 
Plate 59, figure 32 


Figured specimen.—Geological Museum, University of Minnesota, 
B 4184, 

Description.—F ragmentary jaw, showing a broad stout base with slight 
flange. Upper edge, or denticulated ridge, curves around in front and 
bears a series of 10 or 11 backward-curving teeth. The toothed edge has 
a slight hump in the middle. 

Horizon and locality——Glenwood beds (upper) ; Washington Avenel 
Bridge, Minneapolis, Minnesota. 


EUNICITES (?) sp. d 
Plate 61, figure 26 


Figured specimen.—Geological Museum, University of Minnesota, 
B 4256. 

Description —Fragmentary jaw, of uncertain relationship, appears to 
have the base of a large anterior tooth, succeeded by the regular dental 
series, but also has a secondary series along the side. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


Genus OENONITES, Hinde, 1879 


“Jaws with a more or less curved anterior hook followed by a series of 
smaller teeth, similar in character to those of the existing genus Oenone.” 
Some may have a slight flange or may have a furrow along the side. Genus 
includes shallow to deep and straight or curved forms, some of which 
approach certain species of Arabellites. 


OENONITES DIGNUS, n. sp. 
Plate 59, figure 35 


Holotype.—Geological Museum, University of Minnesota, B 4187. 

Description.—Jaw, with narrow, deep base, surmounted by denticulated 
edge. Anterior, curved and terminating in a large tooth, or hook, with an 
outer keeled edge, the hook extending below the denticulated ridge to a 
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prominent notch in the base, and thus forming the front margin. Hook 
is sueceeded by a series of smaller teeth that increase to a maximum in size 
near the center of the edge, then decrease to the posterior, three of them 
occurring along the curved part of the ridge succeeding the hook. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation: Ford Bridge, Minneapolis, Minnesota. 


OENONITES EXCELSUS, n. sp. 
Plate 59, figure 51 

Holotype.—Geological Museum, University of Minnesota, B 4183. 

Description—Jaw, depressed, straight, with a strong ridge or carina 
along the side of the base. Anterior, terminating in a prominent hook, 
obliquely bent, succeeded by a small tooth and then along the cutting edge 
by a series of 14 closely set, strong, backward-curving teeth. Under side 
of base, with a distinct downward bulge. 

Horizon and localities—Lower part of the Decorah shale; University 
of Minnesota campus, Minneapolis, Minnesota. Decorah shale; 30 feet 
above the Upper Iowa River, Decorah, Towa. 


OENONITES MAGNIFICUS, n. sp. 
Plate 59, figures 30 and 37 


Holotype.—Geological Museum, University of Minnesota, B 4182 and 
B 4189 (paratype). 

Description.—Jaw, deep in front and gradually tapering to the poste- 
rior. A stout carinated sharp tooth, or hook, forms the anterior end. 
This is succeeded by 9 to 16 moderately stout teeth which reach their 
greatest size near the middle of the series and diminish in either direc- 
tion. Crests of the teeth, succeeding the hook, form a gentle arch from 
the anterior to the posterior. Base below the major part of the dental 
series is shallow and only slightly thicker than the width of the lower 
part of the teeth. Downward projection of the anterior tooth, or hook, 
is produced to form a nearly horizontal spine. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


OENONITES INORNATUS, n. sp. 
Plate 59, figure 34 
Holotype.—Geological Museum, University of Minnesota, B 4186. 
Description Jaw, thick, subtriangular, with greatest depth at the 
center. Inner side, slightly concave and curving towards the anterior end, 
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thus bringing the hook-shaped anterior tooth well out of line with the 
serrated outer margin of the jaw. In addition to the larger front, or 
anterior, tooth, there are about a dozen in the series following it. All are 
directed backward but do not continue to the pointed posterior end. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


OENONITES PARATUS, n. sp. 
Plate 59, figure 44 


Holotype—Geological Museum, University of Minnesota, B 4196. 

Description.—Jaw, thick, deep, nearly straight along the upper edge 
but curving gently along the base. Anterior end, with a stout, slightly 
curved tooth followed by a series of about a dozen backward-curving, short, 
stout teeth. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


OENONITES PROPINQUUS, n. sp. 
Plate 59, figure 33 


Holotype.—Geological Museum, University of Minnesota, B 4185. 

Description.—Jaw, with subtriangular outline, greatest depth near the 
middle or at apex of inverted triangle. Inner face or side of jaw, slightly 
concave ; outer side, convex and curved longitudinally near the anterior 
end. Anterior tooth, or hook, is slender, circular in cross-section, curved 
backward, and followed along the denticulated ridge by about 20 teeth, of 
which 14 or 15 are preserved. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


OENONITES RECURVUS, n. sp. 
Plate 59, figure 36 


Holotype.—Geological Museum, University of Minnesota, B 4188. 

Description —Jaw, with a shallow base strongly curved in front and 
bearing a series of 10 or 11 stout, closely set, backward-curving teeth. 
Anterior tooth, larger and more arcuate than the others. Its lower por- 
tion forms the front margin and, at the lower anterior end of the base, 
forms a downward-curving carinate spine. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 
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OENONITES SCELESTUS, n. sp. 
Plate 59, figure 42 


Holotype.—Geological Museum, University of Minnesota, B 4194. 

Description—Jaw, elongate, nearly straight, with expanded base, the 
inner face variously grooved and flangelike towards the anterior. Denticu- 
lated ridge is slightly arched, bears 10 to 12 similar backward-directed 
teeth, and terminates anteriorly in a large prominent hook, or curved 
tooth, obliquely bent and distinctly out of line with the series of smaller 
teeth that follow it. Denticulated ridge fails to reach the posterior end by 
about one-fifth of its total length. With the exception of the two small 
teeth near the hook, the series on the denticulated ridge decreases towards 
the posterior. 

Horizon and locality—Upper part of the Decorah shale; Fillmore, 
Minnesota. 


OENONITES SPICULATUS, n. sp. 
Plate 59, figure 43 


Holotype.—Geological Museum, University of Minnesota, B 4195. 

Description.—Jaw, elongate, straight, and nearly flat. Base, narrow, 
the front end terminating in a sharp tooth curving slightly backward, 
which in the specimen is slightly displaced. This is succeeded by a series 
of 14 blunt, backward-curving teeth which gradually become more crowded 
and diminish in size toward the posterior. 

Horizon and localities.—Lower part of the Decorah shale; University 
of Minnesota campus, Minneapolis, Minnesota. Basal Decorah shale, 18 
feet above the Platteville limestone; along State Highway No. 20, 2 miles 
south of Fountain, Minnesota. 


OENONITES SUBQUADRATUS, n. sp. 
Plate 59, figure 39 


Holotype.—Geological Museum, University of Minnesota, B 4191. 

Description.—Jaw, subquadrate in outline, deep, thick, and strong, with 
a stout anterior tooth followed along the margin by a series of 8 or more 
backward-curving teeth, smaller but irregular in size. The whole jaw is 
hollow, a common feature of these forms, the cavity extending almost to 
the tips of the teeth. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation ; Ford Bridge, Minneapolis, Minnesota. 
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OENONITES TACITUS, n. sp. 
Plate 59, figure 40 


Holotype.—Geological Museum, University of Minnesota, B 4192. 

Description—Jaw, with a deep thin, base, subtriangular in outline. 
Anterior tooth, slightly elongate and continued into the base as a thick- 
ened margin. Denticulated edge, slightly thickened and straight, bears 
9 or 10 backward-pointing teeth which decrease in size towards the 
posterior. 

Horizon and locality—Upper part of the Decorah shale; Fillmore, 
Minnesota. 

OENONITES sp. a 


Plate 59, figure 38 


Figured specimen.—Geological Museum, University of Minnesota, 
B 4190. 

Description Jaw, with broad, irregular, hollow base rising by sloping 
sides into a tortuous crest having 12 to 14 similar small, closely set teeth 
along an arched edge. 

Horizon and localities—Basal Platteville limestone; Johnson Street 
Quarry, Minneapolis, Minnesota. Basal Decorah shale; Guttenburg, 
Towa. 

OENONITES sp. b 
Plate 61, figures 7, 9, 10, 11, and 382 


Figured specimen.—Geological Museum, University of Minnesota, 
B 4239, B 4241, B 4242, B 4243, and B 4262. 

Description —Various fragments of rather robust forms, showing 
variations in the curvature of the teeth, in the hollow base, and in the 
thickness of the jaws. 

Horizons and localities—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. Basal 
part of the Piatteville limestone; Johnson Street Quarry, Minneapolis, 
Minnesota. Lower part of the Decorah shale, 2 feet above the Platteville 
limestone; along State Highway No. 20, 6 miles north of Chatfield, 
Minnesota. Decorah shale; Zumbro River, Kenyon, Minnesota. Lower 
part of the Decorah shale; Spechts Ferry, Iowa. 


Genus PROTARABELLITES, n. gen. 


Jaws and dental plates resemble somewhat forms usually included in 
the genus Arabellites, but differ in that the base is much expanded later- 
ally or has a flange extending along the major portion of both inner and 
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outer sides, making the outline a modified oblique parallelogram in plan. 
Denticulated ridge usually crosses the flattened base diagonally, bears 
about 18 to 22 small teeth, and terminates anteriorly in a prominent, 
curved or backward-directed tooth, or hook. Anterior end of the denticu- 
lated ridge curves sharply towards the inner margin, so that the flattened 
side of the hook is on the posterior of its curve and the series of smaller 
teeth immediately succeed it. Base is hollowed out along the median line, 
especially beneath the ridge carrying the teeth. 
Genotype.—Protarabellites humilis, n. sp. 


PROTARABELLITES CONCAVUS, n. sp. 
Plate 61, figures 25 and 28 

Holotype.—Geological Museum, University of Minnesota, B 4255 and 
B 4258 (paratype). 

Description.—Jaw, elongate with the expanded base having its greatest 
width at about the center. Outer flange, narrow; inner flange, broad, and 
with concave inner side of denticulated ridge making a deep, oval trough. 
Anterior tooth, or hook, long, standing inside the denticulated ridge and 
curved posteriorly. Denticulated ridge has 18 to 20 pointed smaller 
teeth, diminishing in size, inclined towards the pointed posterior. 

Horizon and locality.—Glenwood beds (upper) ; Washington Avenue 
Bridge, Minneapolis, Minnesota. 


PROTARABELLITES DELECTUS, n. sp. 
Plate 61, figure 23 


Holotype.—Geological Museum, University of Minnesota, B 4254. 

Description —Jaw, elongate with narrow flange on the outer side of the 
base, and a broad, flat flange on the inner side; inner angle of this latter 
is slightly drawn out, rounded, and almost notched on the posterior side. 
Denticulated ridge, having the anterior tooth elongate and curved nearly 
at right angles to it. Second tooth is slightly out of line but otherwise 
similar to the series that follows. In all there are a dozen or more sub- 
equal, backward-directed teeth. 

Horizon and locality—Upper part of the Decorah shale; Fillmore, 
Minnesota. 

PROTARABELLITES DUBIUS, n. sp. 


Plate 61, figure 33 
Holotype.—Geological Museum, University of Minnesota, B 4263. 


Description.—Jaw, with outer flange greatly reduced and base becom- 
ing subtriangular, greatest width of the base just posterior to the middle, 
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and the posterior end produced to a blunt point. Inner side of the base, 
flangelike, with blunt point at the inner, upward-curved angle. Denticu- 
lated ridge rises from the outer margin, is slightly twisted, and bears a 
dozen subequal teeth. In front the dental series terminates in a slightly 
larger, backward-curving tooth. 

Horizon and locality—Upper part of the Decorah shale; Fillmore, 
Minnesota. 


PROTARABELLITES FIDELIS, n. sp. 
Plate 61, figure 22 


Holotype.—Geological Museum, University of Minnesota, B 4253. 

Description.—Jaw, elongate, the flattened part of the base subrhombic 
in outline. Outer flange, narrow and thick; inner flange, wide and with 
a slight notch just posterior to the inner angle, or corner. Anterior 
portion of the denticulated ridge strongly deflected and recurved, with 
an enlarged anterior tooth, well arched and almost parallel to the ridge, 
followed by 12 to 15 backward-directed teeth, which gradually diminish 
in size toward the posterior. 

Horizon and locality.—Upper part of the Decorah shale; Fillmore, 
Minnesota. 


PROTARABELLITES GLENWOODENSIS, n. sp. 
Plate 61, figures 19 and 24 


ITolotype.—Geological Museum, University of Minnesota, B 4250. 

Description.—Jaw, elongate, with the posterior side of the subrhombie 
base, short. Upper surface of outer flange, with a broad groovelike con- 
cavity. Inner flange has similar groove but is distorted by a downward 
bend of the inner angle. Denticulated ridge, thick, strong, and having a 
series of 22 to 24 short, stout, backward-directed teeth. At the anterior 
end the toothed ridge curves rapidly inward and terminates in a slender 
elongate tooth, or hook. Outer margin of the hook continues downward 
into margin of the inner flange. 

Horizon and locality—Glenwood beds (upper); Washington Avenue 
Bridge, Minneapolis, Minnesota. 


PROTARABELLITES GRANDIS, n. sp. 
Plate 61, figure 27 
Holotype.—Geological Museum, University of Minnesota, B 4257. 


Description —Jaw, elongate but with a broad base made up chiefly of 
the inner flange, which is hollowed out or concave but has a rounded point 
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near the middle of the inner edge and which appears to be the continua- 
tion of a ridge extending outward from the denticulated edge. Anterior 
end bears a broad, elongate hook, which curves backward with the flat 
side towards the rear. Denticulated ridge makes a sigmoid curve and 
bears a series of 16 short, stout teeth, in addition to the hook. Except 
for the irregular development of the forward teeth, the series decreases 
in size gradually towards the posterior. 

Horizon and locality—Basal Platteville; Johnson Street Quarry, 
Minneapolis, Minnesota. 


PROTARABELLITES HUMILIS, n. sp. 
Plate 61, figures 14 and 15 


Holotype.—Geological Museum, University of Minnesota, B 4246. 

Description—Jaw, with a broad double flange on a broad flattened 
hollow base, elongate and subrhomboid in outline. Posterior angle, trun- 
cated ; anterior, extended to carry the forward projection of the denticu- 
lated ridge, or cutting edge, which crosses base diagonally, curving into 
the outer edge of base toward the anterior end. Anterior, or front end 
of the denticulated ridge, curves toward the inner edge and bears an 
elongate, backward-curving tooth, or hook, succeeded by a series of 18 to 
20 smaller teeth pointing backward and decreasing in size toward the 
posterior. 

Horizon and locality—Lower part of the Decorah shale; University of 
Minnesota campus, Minneapolis, Minnesota. 


PROTARABELLITES INTERMEDIUS, n. sp. 
Plate 61, figure 31 
Holotype.—Geological Museum, University of Minnesota, B 4261. 
Description —Jaw, or dental plate, with the subrhomboid outline al- 
most obliterated. Inner flange is much more prominent than the outer. 
Denticulated ridge, low, stout, and bearing a series of subequal teeth, 
nearly in a straight line. The posterior four or five are bent inward, and 


the anterior tooth is slightly enlarged. 
Horizon and locality—Basal Platteville limestone; Johnson Street 


Quarry, Minneapolis, Minnesota. 


PROTARABELLITES MATURENSIS, n. sp. 
Plate 61, figure 20 
Holotype.—Geological Museum, University of Minnesota, B 4251. 


Description—Jaw, elongate, with a heavy base bearing a broad flange 
on the posterior outer margin which extends about half the total length of 
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the jaw. Anterior margin is expanded and concave on the inner side. 
Denticulated ridge, or crest, makes a gentle sigmoid curve from the an- 
terior to the posterior end of the jaw. Front, or anterior, tooth 1s elon- 
gate, stout, and curved towards the posterior, and is followed along the 
crest by 20 small, backward-directed teeth, of which the first is larger 
and more pointed than the others. 

Horizon and locality—Lower part of the Decorah inne, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


PROTARABELLITES PRODUCTUS, n. sp. 
Plate 61, figure 29 


Holotype.—Geological Museum, University of Minnesota, B 4259, 

Description—Jaw, with elongate base having the inner flange well 
developed along the full length and blunt near the middle. Outer flange, 
narrow, grooved, and mostly confined to the posterior half, the groove 
terminating in a notch at the truncated posterior end of the jaw. Den- 
ticulated ridge, low and curving at the anterior, where the first tooth is 
elongate and curved slightly backward from the vertical. This is suc- 
ceeded by a series of 15 small backward-directed teeth, which decrease in 
height slightly and gradually towards the posterior end. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


PROTARABELLITES sp. 
Plate 61, figure 18 


Figured specimen.—Geological Museum, University of Minnesota, 
B 4249. 

Description.—Fragmentary specimen with the base elongate and with 
14 or more short, stout teeth along the denticulated ridge. Anterior, 
with a broad groove under the hook. 

Horizon and locality——Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


Family LUMBRICONEREIDAE 
Genus LUMBRICONEREITES, Ehlers, 1868 


Jaws consisting of oblong or elongate, nearly straight to curved forms 
with denticulated ridge, which may be supported on the margin of a tri- 
angular basal flange. This latter may be broad and flat or concave. In 
many forms the flange terminates in a rounded, or even a sharp, inner 
angle formed by the inner and curved posterior margins. Anterior tooth 
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or teeth, usually elongate, bent backward, and followed by a series of back- 
ward-directed teeth. 


LUMBRICONEREITES AFFINIS, n. sp. 
Plate 61, figures 36 and 37 


Cotypes.—Geological Museum, University of Minnesota, B 4266 and 
B 4267. 

Description.—Thick, massive jaw, with rounded outer surface curving 
gently from anterior to posterior. Inner side has a concave flange, the 
lateral projection of which is elevated and terminates in a rounded angle. 
Denticulated ridge is along the outer border, is thick, and bears about 12 
to 15 teeth, which decrease in size towards the posterior. 

Horizons and localities-—Basal Platteville limestone; Johnson Street 
Quarry, Minneapolis, Minnesota. The Glenwood beds (middle) ; Wash- 
ington Avenue Bridge, Minneapolis, Minnesota. 


LUMBRICONEREITES ARCUATUS, n. sp. 
Plate 60, figures 1 and 4 


Holotype.—Geological Museum, University of Minnesota, B 4197 and 
B 4200 (paratype). 

Description.—Jaw, with an elongate, oval, hollow base bearing a 
slightly arched denticulated ridge with 11 subequal teeth, directed back- 
ward. Those at the ends of the series may be smaller. Base has straight, 
narrow, upturned edge along the concave inner side; outer side is convex 
and without flange. 

Horizon and locality—lLower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


LUMBRICONEREITES CAMERATUS, n. sp. 
Plate 61, figures 35, 38, 39, and 41 


Cotypes.—Geological Museum, University of Minnesota, B 4265, 
B 4268, B 4269 and B 4271 (figured specimen). 

Description Jaw, with a long, tapering base having a strong thick 
flange along the inner side, which is slightly concave and ends in a 
rounded angle or point. Anterior end, curved inward and bearing a 
backward-curving tooth, or hook, is succeeded by a series of about 15 
teeth which decrease in size towards the posterior and follow a slightly 
sigmoid curve. 
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Horizons and localities—Basal Platteville limestone; from the drill 
core in test well No. 42, Saint Paul, Minnesota. Basal Platteville lime- 
stone; Johnson Street Quarry, Minneapolis, Minnesota. Lower part of 
the Decorah shale, 5 feet above the base of the formation; Ford Bridge, 
Minneapolis, Minnesota. Upper part of the Decorah shale; Fillmore, 
Minnesota. 

LUMBRICONEREITES COGNITUS, n. sp. 


Plate 61, figure 34 


Holotype.—Geological Museum, University of Minnesota, B 4264. 

Description.—Jaw, with a wide, smooth, triangular flange, on the outer 
margin of which is a nearly straight denticulated ridge. Anterior tooth, 
or hook, of medium size and curved backward, followed by 3 or 4 small 
teeth gradually increasing in size to a point opposite the apex of the 
triangular flange, whence they diminish towards the posterior. Total 
number of teeth appears to be 15 to 18. 

Horizon and locality Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


LUMBRICONEREITES CRENATUS, n. sp. 
Plate 59, figure 29 


Holotype—Geological Museum, University of Minnesota, B 4181. 

Description.—Jaw, or dental plate, elongate; base, with a broad flange 
on the inner side. Below the denticulated ridge, plate is thin anteriorly 
but thickens posteriorly. Anterior teeth, large and all directed backward. 
Series has 15 teeth which become closely crowded towards the posterior. 

Horizon and locality—Lower part of the Decorah shale; University 
of Minnesota campus, Minneapolis, Minnesota. 


LUMBRICONEREITES INFLEXUS, n. sp. 
Plate 59, figure 41 


Holotype.—Geological Museum, University of Minnesota, B 4193. 

Description —Jaw, with a stout base bearing a flange along the inner 
margin. Posterior end, extended, tapering and bearing weakly developed 
denticulated ridge. This ridge is slightly twisted and bears a series of 
15 or more small teeth, which increase in size towards the anterior end 
where they terminate in an anterior hook, or tooth, slightly out of line 
and a little more than twice the size of the next smaller tooth. 

Horizon and locality—Upper part of the Decorah shale; Fillmore, 
Minnesota. 
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LUMBRICONEREITES MODESTUS, n. sp. 
Plate 60, figure 5 


Holotype.—Geological Museum, University of Minnesota, B 4201. 

Description —Jaw, elongate, nearly straight, and only slightly deeper 
at the anterior end. Denticulated ridge, narrow and provided with 10 
or more backward-directed, subequal teeth, of which the anterior is 
slightly out of line with the series. 

Horizon and localities——Upper part of the Decorah shale; Fillmore, 
Minnesota. Decorah shale; Zumbro River, Kenyon, Minnesota. 


LUMBRICONEREITES PERFECTUS, n. sp. 
Plate 60, figure 2 


Holotype.—Geological Museum, University of Minnesota, B 4198. 

Description.—Jaw, elongate, of nearly uniform depth, slightly concave, 
and with flange fairly well developed. Teeth, 22 or more in number, 
rather crowded and increasing in size towards the anterior end, where 
they also become more acute. All teeth, directed towards the posterior. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


LUMBRICONEREITES PLATTEVILLENSIS, n. sp. 
Plate 59, figures 18 and 21 


Cotypes.—Geological Museum, University of Minnesota, B 4170 and 
B 4173. 

Description —Jaw, elongate, slightly arched towards the anterior, 
thick and concave on the inner side, where a small flange is developed. 
Denticulated edge, with a series of 10 or 11 short, stout teeth which 
diminish in size towards the posterior. Anterior tooth, slightly elongate 
and hooklike. 

Horizon and locality.—Basal Platteville limestone; Johnson Street 
Quarry, Minneapolis, Minnesota. 


LUMBRICONEREITES POTENSUS, n. sp. 
Plate 61, figure 42 


Holotype.—Geological Museum, University of Minnesota, B 4272. 

Description—Jaw, composed of a stout and slightly curved denticu- 
lated ridge supported by a broad curved base with flange which narrows 
abruptly about two-thirds of the distance towards the posterior end of 
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the jaw. Anterior end has a sharply curved clawlike tooth in front, 
followed by 2 smaller slightly curving teeth and then a series of 5 or 9 
stout teeth, directed backward. Basal flange is strong and slightly cor- 
rugated ; the edge, scalloped. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation ; Ford Bridge, Minneapolis, Minnesota. 


LUMBRICONEREITES SIMILIS, n. sp. 
Plate 60, figure 7; Plate 61, figure 13 


Cotypes.—Geological Museum, University of Minnesota, B 4203 and 
B 4245. 

Description.—Jaw, showing a rather wide basal flange with the denticu- 
lated cutting ridge along the outer margin, curving inward and carrying 
a strong curving anterior tooth, or hook. This hook is followed, along 
the edge of the ridge, by a series of 8 to 10 strong teeth, gradually de- 
creasing in size. Inner margin of the hook, or anterior tooth, forms 
inner margin of the flange. 

Horizon and locality.—Glenwood beds (upper) ; Washington Avenue 
Bridge, Minneapolis, Minnesota. 


LUMBRICONEREITES SPECIOSUS, n. sp. 
Plate 60, figure 12 


Holotype.—Geological Museum, University of Minnesota, B 4208. 

Description—Jaw, with flattened subtriangular base supporting a 
slightly curving ridge along one side, on the crest of which is a row of 
15 or more short, backward-curving teeth. One or two of the teeth at 
the anterior end are slightly out of line with the series. The rest of 
the base exists as a broad flange on the inner side, extending about half 
way along the jaw, where it terminates in a blunt point. Between this 
point and the denticulated ridge the side of the jaw is curved. 

Horizon and localities—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. De- 
corah shale; Zumbro River, Kenyon, Minnesota. 


LUMBRICONEREITES SUPERBUS, n. sp. 
Plate 61, figure 40 
Holotype.—Geological Museum, University of Minnesota, B 4270. 


Description.—Jaw, stout, with thick base and concave flange on the 
inner side. Denticulated ridge, thick and low, bearing a series of 10 
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or 12 stout, blunt teeth apparently of nearly uniform size throughout 
except at the anterior, where the end tooth is elongate. This specimen is 
much worn, and some of its characteristics are obscured. 

Horizon and locality—Basal Platteville limestone; Johnson Street 
Quarry, Minneapolis, Minnesota. 


LUMBRICONEREITES WEBBI, n. sp. 
Plate 60, figure 3 


Holotype.-—Geological Museum, University of Minnesota, B 4199. 

Description.—Jaw, elongate with a broad, slightly concave flange on 
the inner side, reaching its greatest extension just in front of the middle, 
where it is produced into a blunt point. Anterior margin of the flange 
and the lateral margin of the anterior tooth, or hook, are marked by a 
sharp carina. Anterior tooth, or hook, curves to the front and backward 
so as to bring the lateral face on the posterior side. The hook is suc- 
ceeded by a series of a dozen sharp, stout teeth which increase in size 
rapidly at first and then decrease towards the posterior end. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


LUMBRICONEREITES sp. a 
Plate 60, figure 8 


Figured specimen.—Geological Museum, University of Minnesota, 
B 4204. 

Description—Jaw, elongate, tapering posteriorly, and with a series 
of short, stout teeth along the upper edge—a dozen in the fragment here 
shown. The front tooth and part of the flange are broken off. A small 
fragment of the flange extends along the inner side of the jaw for a 


little more than half its length. 
Horizon and locality—Lower part of the Decorah shale; University 


of Minnesota campus, Minneapolis, Minnesota. 


LUMBRICONEREITES sp. b 
Plate 61, figures 12 and 17 


Figured specimen.—Geological Museum, University of Minnesota, 


B 4244 and B 4248. 
Description —Broken fragments, which apparently belong to this 
genus. Denticulated ridge is thick and bears about a dozen closely spaced 


and partly coalesced teeth. 
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Horizon and locality Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


Family NEREIDAE 
Genus NEREIS Linnaeus 


This is a common, living genus introduced to show the character of 
the jaws in comparison with fossil forms. Soft parts are important in 
the generic description, but have no value here. 


NEREIS VIRENS Sars 
Plate 61, figure 6 


Figured specimen.—Geological Museum, University of Minnesota, 
B 4238. 

Description —Chitinous jaws are hollow, curved, and slightly twisted. 
Denticulated ridge follows curve of the outer margin and bears 6 to 8 
rounded teeth, the posterior of which grade into a smooth edge by lateral 
union. Posterior ends of the jaws thin out and apparently grade into 
soft tissue. This modern specimen, common along the Atlantic coast of 
New England, is introduced here for comparison with the Ordovician 


forms. 
Horizon and locality—Recent ; Woods Hole, Massachusetts. 


Genus DINOSCOLITES, n. gen. 


Massive U-shaped or V-shaped jaws, the limbs nearly circular in cross- 
section. Inner limb is smooth; outer limb bears an irregular series of 
uneven teeth. Anterior end of the jaw has a pair of large clawlike teeth, 
or hooks, with several teeth between. 

Genotype.—Dinoscolites mirabilis Stauffer, n. sp. 


DINOSCOLITES MIRABILIS, n. sp. 
Plate 61, figure 1 


Holotype-—Geological Museum, University of Minnesota, B 4234. 

Description—Jaw, large and thick, with rounded limbs. Outer limb, 
without a ridge, but bearing a long irregular series of variable teeth, of 
which 15 are preserved; the posterior teeth are somewhat enlarged and 
strongly hooked. Notches between teeth pass into cross grooves, or wrin- 
kles, which in several cases extend nearly half way across the limb. Inner 
limb is smooth, rounded, and ends in a blunt point. Anterior end of 
jaw is broad, and bears 2 strong sharp curved teeth, or hooks, which are 
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carinated along the sides. Between the anterior hooks are two small, 
backward-curving teeth. 

ITorizon and locality—Basal Platteville limestone; Johnson Street 
Quarry, Minneapolis, Minnesota. 


Genus PALEONEREITES, n. gen. 


Jaws, or dental plates, consist of a thick base the inner margin of which 
is prolonged into a broad concave flange with atched margins. Termina- 
tions of the flange meet in a spinelike point. Outer side is continued 
downward from the base of the teeth, as a convex triangular plate, the 
lower margin of which passes into a thin feather edge. Anterior is 
marked by a strong, curved hook, or tooth, usually with a carinated inner 
edge, succeeded along the denticulated outer edge by half a dozen or more 
long, slender, pointed teeth. 

Genotype.—Paleonereites cervicornis Stauffer, n. sp. 


PALEONEREITES CERVICORNIS, n. sp. 
Plate 61, figures 3 and 4 


Holotypes.—Geological Museum, University of Minnesota, B 4236. 

Description.—Jaw, with a narrow denticulated cutting edge and a con- 
cave flangelike inner extension. Anterior end, provided with an elongate, 
sharp, slender, carinated tooth which curves inward and posteriorly, and 
is succeeded by a series of 6 or 7 elongate, backward-pointing, sharp teeth, 
of which those in the middle of the series are the longest. Carina of 
the anterior tooth extend downward into the base. About midway along 
the flange is a sharp, spinelike projection, or angle. Outer side is rough. 

Horizon and locality.—Lower part of the Decorah shale; University of 
Minnesota campus, Minneapolis, Minnesota. 


PALEONEREITES sp. 
Plate 60, figure 6 


Figured specimen.—Geological Museum, University of Minnesota, 
B 4202. 

Description.—Fragmentary jaw, or dental plate, showing the anterior 
end, with a slender, sharp, elongate tooth succeeded by a series of much 
smaller, sharp teeth, of which 4 are preserved. Cutting denticulated edge, 
curved. Inner surface of base, concave; outer surface, convex. 

Horizon and locality—Lower part of the Decorah shale; University 
of Minnesota campus, Minneapolis, Minnesota. 
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Genus PRONEREITES, n. gen. 


Jaws, with a stout, arched base, anterior end curving up to form a hook, 
or anterior tooth. Cutting edge has half a dozen, or more, short, stout 
teeth, posterior end being probably without teeth. Outer surface of the 
jaw is convex; inner surface, concave; and the lower edge curves inward 
to form a narrow pseudo-flange. These jaws closely resemble those pos- 
sessed by the living species of Nereis. 

Genotype.—Pronereiles primus Stauffer, n. sp. 


PRONEREITES -PRIMUS, n. sp. 
Plate 61, figure 2 


Holotype.—Geological Museum, University of Minnesota, B 4235. 

Description —Jaw, stout, gently arched, the base passing gradually 
into the anterior tooth, or hook, followed by 5 or more short, stout teeth. 
Basal surface is rounded but with a slight carina on the inner side run- 
ning up into the hook. Inner side of jaw also has a slight flange. 

Horizon and locality.—Glenwood beds (upper); Washington Avenue 
Bridge, Minneapolis, Minnesota. 


Genus UNGULITES, n. gen. 


Jaw, clawlike, with a prominent sharp tooth, or hook, succeeded on one 
or both sides by one or two, possibly more, similar but usually somewhat 
shorter teeth. Base of jaw, not distinctly separate from the tooth or 
teeth and slightly arched from base to apex of tooth. 

Genotype.—Ungulites bicuspidatus Stauffer, n. sp. 


UNGULITES ACULEATUS, n. sp. 
Plate 60, figures 14, 15, 16, 19, and 20 


Cotypes.—Geological Museum, University of Minnesota, B 4212, 
B 4215, B 4216, and B 4210, B 4211 (paratypes). 

Description.—Jaw, consisting of a short, stout base, from the anterior 
end of which—and not distinctly separated from it—arises a stout, curv- 
ing, conical, laterally carinated hook, or tooth. This is succeeded by 
2 or 3 similar, but smaller or shorter, teeth originating on the upper 
margin of the jaw. The outer tooth may be small. In front of the 
teeth the base has a pronounced and rounded upward bulge. The bottom 
of the base often bears a distinct but broad sinus, the apex of which falls 
just in front of the anterior tooth. 

Horizons and localities —Lower part of the Decorah shale, 5 feet above 
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the base of the formation; Ford Bridge, Minneapolis, Minnesota. Basal 
Platteville limestone; Johnson Street Quarry, Minneapolis, Minnesota. 


UNGULITES BICUSPIDATUS, n. sp. 
Plate 60, figures 10, 11, and 17 


Cotypes.—Geological Museum, University of Minnesota, B 4206, 
B 4207, and B 4213. 

Description.—Jaw, short, clawlike, with a long, sharp, curving tooth, 
on one side of which is a single, closely set similar but smaller tooth. 
The larger tooth is flattened on the inside and keeled on the outer margin, 
giving it a triangular cross-section. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


UNGULITES HYSTRICOSUS, n. sp. 
Plate 60, figure 28 


Holotype.—Geological Museum, University of Minnesota, B 4222. 

Description.—Jaw, consisting of a short, broad base which passes 
directly into the great clawlike tooth with pointed apex, radiating from 
which are 2 toothed, or crenulated, carinae that extend to the bottom 
of the base and form the outer margins of the claw. 

Horizon and localities.—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. Lower 
Decorah shale; Fillmore, Minnesota. Basal Decorah shale; Guttenburg, 
Towa. 

UNGULITES TRIDENTATUS, n. sp. 
Plate 60, figure 9 


Holotype——Geological Museum, University of Minnesota, B 4205. 

Description.—Jaw, compact, triangular in cross-section, the base pass- 
ing directly into the sharp clawlike hook. A small tooth on either side 
of the hook rises from the base of the jaw, close up against the hook. 

Horizon and locality——Basal Platteville limestone; Johnson Street 
Quarry, Minneapolis, Minnesota. 


FAMILY ONUPHIDIDAE 


Genus HYALINAECITES, n. gen. 


Maxillae, large and nearly straight throughout three quarters of the 
length, then curving markedly to make an angle of about 30 degrees 
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with the axis of the straighter part. Near the center, or slightly below, 
is a gentle bulge along the upper, or oral, surface, and the tip is ex- 
tended into a point. Lower part is somewhat expanded and probably 
in contact with other part of the chitinous jaws. Great dental plate, 
unknown. Second dental plate, large, with 1, 2, or 3 larger anterior 
teeth curving out of line with the cutting edge, having a series of about 
a dozen gradually diminishing and backward-pointing teeth. This genus 
is founded to include the dental elements resembling closely those dis- 
played by the recent genus //yalinaecia. 

Genotypes.—H yalinaecites typicalis Stauffer, n. sp. and Hyalinaecites 
subulatus Stauffer, n. sp. 


HYALINAECITES AEQUIDENTATUS, n. sp. 
Plate 61, figure 30 

Holotype.—Geological Museum, University of Minnesota, B 4260. 

Description.—Jaw, rather small, relatively deep, and with a thin mar- 
gin where the chitin probably passed into the surrounding soft tissue. 
Anterior end of denticulated ridge, curving inward and bearing 3 teeth. 
These are followed, along the straight portion of the ridge, by a series 
of 15, or more, similar teeth, all closely spaced and directed backward. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


HYALINAECITES AUREATUS, n. sp. 
Plate 60, figure 26 

Holotype.—Geological Museum, University of Minnesota, B 4220. 

Description—Jaw, or plate, with a flat base, widest near the front, 
thickened and narrow on the outer side but broad and flangelike and 
thin on the inner side. Denticulated ridge is near the outer margin 
and carries a series of 8 or more teeth. Front, or anterior, 3 teeth, 
in a line curving abruptly away from the main part of the denticulated 
ridge and forming an angle of about 120 degrees. 

Horizon and localities—Lower part of the Decorah shale, 5 feet above 
the base of the formation ; Ford Bridge, Minneapolis, Minnesota. Lower 
Decorah shale; along State Highway No. 20, 2 miles north of Fountain, 
Minnesota. Basal Decorah shale; Guttenburg, Iowa. 


HYALINAECITES DELECTUS, n. sp. 
Plate 60, figure 18 
Holotype.—Geological Museum, University of Minnesota, B 4214. 
Description.—Dental plate, probably the second, with a flat base, the 
chitinous tissue of which gradually thins and apparently passes into the 
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adjoining soft tissues. Denticulated ridge, straight throughout three- 
fourths of its length, then bending abruptly and almost at right angles 
near the anterior end. Upper deflected end bears 4 sharp, backward- 
directed teeth, and the straight portion carries 9 more teeth, also directed 
posteriorly. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


HYALINAECITES PARVUS, n. sp. 
Plate 60, figure 13 


Holotype.—Geological Museum, University of Minnesota, B 4209. 

Description —Jaw, or dental plate, probably representing the second 
one, having a broad, flat base with an irregular flange on the inner side, 
the ragged edge of which is thin and probably graded into the general 
tissues of the mouth. Subequal teeth, all directed towards the posterior, 
follow a gently curved outer margin, the anterior tooth being slightly 
larger and more curved. 

Horizon and localities—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. Lower 
Decorah shale; Fillmore, Minnesota. 


HYALINAECITES PLENUS, n. sp. 
Plate 60, figures 24 and 25 


Holotype.—Geological Museum, University of Minnesota, B 4219. 

Description.—Maxillae, slender, smooth, curved inward at the top and 
with a pointed tip. Bulge on the inner surface is well down toward the 
base. Cross-section is subcircular to oval. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


HYALINAECITES SUBULATUS, n. sp. 
Plate 60, figures 22 and 23 


Holotype.—Geological Museum, University. of Minnesota, B 4218. 

Description.—Maxillae, large, nearly straight except in the upper 
one-fourth, where they curve inward, making an angle of about 30 de- 
grees with the axis. Oral surface, slightly bulging near the middle, 
with the tip pointed. Oral surface is also flattened, but the opposite 
sides are roundly carinate. Base is expanded and probably articulated 
with other parts of the masticatory apparatus. 
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Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


HYALINAECITES TYPICALIS, n. sp. 
Plate 60, figures 21 and 29 


Cotypes.—Geological Museum, University of Minnesota, B 4217 and 
B 4223. 

Description.—Dental plate, probably representing the second one, with 
3 larger anterior teeth curving around nearly at right angles to the 
main part of the denticulated ridge. Plate, tapering posteriorly. Back- 
ward-directed teeth, occurring in a nearly straight row and gradually 
decreasing in size. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


HYALINAECITES sp. a 
Plate 60, figure 27 


Figured specimen.—Geological Museum, University of Minnesota, 
B 4221. 

Description.—Probably the upper or “rasping plate.” Crescentic base, 
with a curving series of 8 or 9 teeth, the anterior of which is the longest. 
An isolated tooth is located on the base at one point of the crescent and 
at a distance from the others. Whole base gradually passes into thin 
chitinous tissue. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


Genus NOTHRITES, n. gen. 


Mandibles, with long, tapering, rootlike limbs, or shafts, triangular 
in cross-section. The two parts of the mandible are evidently in con- 
tact or coalesced for a short distance along the sides at the base of the 
cutting edge and then diverge rather widely in the rootlike limbs, or 
shafts. Cutting edge is denticulate. 

Genotype.—Nothrites elegans Stauffer, n. sp. 


NOTHRITES ELEGANS, n. sp. 
Plate 60, figure 30 
Holotype.—Geological Museum, University of Minnesota, B 4224. 
Description.—Mandible, composed of 2 parts which are in contact or 
ankylosed along about one-third of the total length. Cutting edge of 
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each mandible is armed with 5 pointed teeth which increase in size to- 
wards the outside, the outermost being very prominent. The two parts 
of the mandible, with their corresponding sides in contact, will form 
between the cutting edges a broad “V” as in certain of the recent Nothria. 
Rootlike limbs have a longitudinal ridge on the outside and a furrow 
on the inside; they are divergent and curved abruptly outward at the 
tip. 

7 orizon and localities—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. Basal 
Decorah shale; Guttenburg, Iowa. 


NOTHRITES GRATUS, n. sp. 
Plate 60, figure 35 


Holotype.—Geological Museum, University of Minnesota, B 4229. 

Description.—Mandibles, with straight diverging limbs, or shafts, tri- 
angular in cross-section and ending in blunt points. Cutting edge of 
mandibles, sloping towards each other so as to form a sharp “V” and 
with 5 or 6 sharp, pointed teeth, the outer of which are elongate. 

Horizon and locality.—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


FAMILY SIGALIONIDAE 
Genus THALENESSITES, n. gen. 


A genus proposed to include those forms having chitinous dorsal scales, 
or plates, and probably with the usual jaws poorly developed. Plates are 
thick and more or less polygonal in outline. Some show scars of attach- 
ment and others have pointed projections or processes. They are all pre- 
served in the same manner as the jaws and occur in the same beds. Their 
infrequence suggests that they do not belong to the same genera as 
those so commonly represented by the fossil jaws, or dental plates. 

Genotype.—Thalenessites lobatus Stauffer, n. sp. 


THALENESSITES LOBATUS, n. sp. 
Plate 60, figure 33 


Holotype.—Geological Museum, University of Minnesota, B 4227. 

Description.—Dorsal scale, with a subpentagonal outline. One of the 
longer sides has a rounded notch with rounded marginal lobes; the other 
long side has several smaller lobes and notches, giving it a slightly scal- 
loped appearance. Outer, or dorsal, surface is nearly flat, but the rim, 
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or edge, is thickened and turned up, making it slightly saucer-shaped. 
Inner or ventral, surface is generally convex, but has several raised, 
rounded, ridgelike portions that although not radial, are directed out- 
ward from the interior. These ridges generally pass into the lobes of 
the margin. In the center is a depressed area or scar, by which, appar- 
ently, the scale was attached. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


THALENESSITES sp. 
Plate 60, figure 34 


Figured specimen.—Geological Museum, University of Minnesota, 
B 4228. 

Description.—A dorsal scale, characterized by a rounded margin that 
is in part concave and in part convex. A pronounced spinous process 
characterizes the least rounded margin. Outer, or dorsal, side is. flat- 
tened but has a curled-up edge, especially along the convex margin. 
Ventral side is flattened, slightly concave, has an attachment pit near 
the center, and a sharp ridge running across from the thickened straight 
margin. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


Family STAUROCEPHALIDAE 
Genus STAUROCEPHALITES, Hinde, 1879 


“Jaws of more or less elongated, compressed, denticulate plates, re- 
sembling those of the existing genus Stawrocephalus.” Anterior tooth 
is slightly larger, and is followed by a series of gradually diminishing 
teeth, all directed backwards. 


STAUROCEPHALITES ACUTIDENTATUS, n. sp. 
Plate 60, figure 31 


Holotype.—Geological Museum, University of Minnesota, B 4225. 

Description—Jaw, oblong, flattened, thin, upper edge covered by a 
series of 20 to 21 backward-pointing teeth, slightly longer at the ante- 
rior end. Teeth are slender, short, and rather blunt. 

Horizon and !ocalities—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. Basal 
Decorah shale; Guttenburg, Iowa. 
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STAUROCEPHALITES ANTIQUUS, n. sp. 
Plate 60, figures 36 and 37; Plate 61, figure 5 


Cotypes.—Geological Museum, University of Minnesota, B 4230 and 
B 4231. 

Description.—Jaw, linear; base, composed of a flattened piece which 
may have a narrow but well-developed flange. Sharp denticulated ridge 
forms the major part of the jaw, and bears a series of 20 to 24 teeth, 
nearly alike, except several near the front end which are smaller; those 
toward the posterior end are likewise somewhat smaller. Teeth are 
slightly coalesced throughout the greater part of their length. Base 
hollow on the under side. 

Horizons and localities——Lower part of the Decorah share, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. Lower 
Decorah shale; along State Highway No. 20, 2 miles north of Fountain, 
Minnesota. Lower Decorah shale; along State Highway No. 20, 6 miles 
north of Chatfield, Minnesota. Decorah shale; Fillmore, Minnesota. 
Lower Decorah shale; Guttenburg, Iowa. 


STAUROCEPHALITES DENTATUS, n. sp. 
Plate 60, figures 32 and 38 


Cotypes.—Geological Museum, University of Minnesota, B 4226 and 
B 4232. 

Description —Jaw, oblong, flattened, tissue becoming thin towards 
the margins. Upper edge of jaw bears a series of 18 nearly conical, 
sharp, backward-curving teeth which become more prominent towards 
the front end. Foremost tooth, curved slightly in from the general line 
of the series. 

Horizon and locality—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. 


ADDENDA 


In the lower part of the Decorah shale, with the jaws and dental arma- 
ture of the fossil Polychaeta, occur an abundance of shiny black tubes 
or cylinders, many of them crushed or flattened, which are difficult to 
classify. Specimens were sent to Dr. Rudolf Ruedemann, who called 
attention to the somewhat similar test of Lecthaylus gregarius Weller 
from the Silurian at Chicago and the nearly identical Rhabdochitina ? 
complanata Eisenack recently described from the Silurian of the Baltic 
region. While there is no certain evidence of the relationship of these 
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forms, Dr. Weller’s specimens are regarded as Annelida. If these Middle 
Ordovician specimens have a similar relationship, it would seem appro- 
priate to append the following description to a paper on fossil Polychaeta. 


RHABDOCHITINA ? MINNESOTENSIS, n. sp. 
Plate 60, figure 39 


Holotype.—Geological Museum, University of Minnesota, B 4233. 

Description.—Body, elongate, subcylindrical to cylindrical in outline, 
although it tapers slightly towards the proximal end, suggesting the 
outline of a baseball bat. Terminal, or distal, end is smooth and rounded, 
but some specimens show a small elevation with a flattened apex. Prox- 
imal end is slightly smaller and probably had some means of attachment. 
Surface of the test is smooth, shiny, and black, although undoubtedly 
it was brownish chitin when the animal was alive. 

Some of the fossil specimens are still cylindrical and filled with crys- 
talline material, chiefly pyrite, but most of them have collapsed and 
are mere flattened strips of the shiny black material, cracked open at 
the distal end and broken towards the proximal end. 

Horizons and localities—Lower part of the Decorah shale, 5 feet above 
the base of the formation; Ford Bridge, Minneapolis, Minnesota. In 
the shale just above the “marble layer,” 41% feet above the base of the 
Decorah shale; Lieb Quarry, Faribault, Minnesota. 
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EXPLANATION OF PLATES 
(Drawings by Faith Patterson and Jane Titcomb.) 
PLATE 59 


Arabellites priscus Stauffer, n. sp., « 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation; Ford Bridge, Minneapolis, Minnesota. 
Arabellites armillaris Stauffer, n. sp., x 30. » 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation; Ford Bridge, Minneapolis, Minnesota. 
Arabellites eccentricus Stauffer, n. sp., « 30. 
Holotype. Middle part of the Glenwood beds, Washington Ave- 
nue Bridge, Minneapolis, Minnesota. 
Arabellites gregalis Stauffer, n. sp., « 30. 
Holotype. Middle part of the Glenwood beds, Washington Ave- 
nue Bridge, Minneapolis, Minnesota. 
Arabellites contritus Stauffer, n. sp., & 30. 
Holotype. Lower part of the Decorah shale, University of Min- 
nesota Campus, Minneapolis, Minnesota. 
Arabellites giganteus Stauffer, n. sp., « 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Arabellites tantus Stauffer, n. sp., « 35. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Arabellites tenuidentatus Stauffer, n. sp., x 35. 
Holotype. Upper part of the Glenwood beds, Washington Ave- 
nue Bridge, Minneapolis, Minnesota. 
Arabellites tumidus Stauffer, n. sp., x 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Arabellites eccentricus Stauffer, n. sp., « 35. 
Paratype. Upper part of the Glenwood beds, Washington Ave- 
nue Bridge, Minneapolis, Minnesota. 
Arabellites brevidentatus Stauffer, n. sp., x 35. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Arabellites digonus Stauffer, n. sp., x 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Arabellites eccentricus Stauffer, n. sp., x 30. 
Holotype (another view). Middle part of the Glenwood beds, 
Washington Avenue Bridge, Minneapolis, Minnesota. 
Arabellites acutidentatus Stauffer, n. sp., x 35. 
Holotype. Basal Platteville limestone, Johnson Street Quarry, 
Minneapolis, Minnesota. 
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Arabellites acutidentatus Stauffer, n. sp., x 30. 
Holotype (another view). Basal Platteville limestone, Johnson 
Street Quarry, Minneapolis, Minnesota. 

Arabellites modestus Stauffer, n. sp., x 60. 
Holotype. Upper part of the Decorah shale, Fillmore, Min- 
nesota. 

Arabellites modestus Stauffer, n. sp., « 60. 
Holotype (another view). Upper part of the Decorah shale, 
Fillmore, Minnesota. 

Lumbriconereites plattevillensis Stauffer, n. sp., x 30. 
Cotype. Basal Platteville limestone, Johnson Street Quarry, 
Minneapolis, Minnesota. 

Arabellites sp. a, « 30. 
A large fragment from the basal layers of the Platteville lime- 
stone, Johnson Street Quarry, Minneapolis, Minnesota. 

Arabellites minutus Stauffer, n. sp., x 35. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 

Lumbriconereites plattevillensis Stauffer, n. sp., x 31. 
Cotype. Basal Platteville limestone, Johnson Street Quarry, 
Minneapolis, Minnesota. 

Arabellites acerbus Stauffer, n. sp., x 60. 
Holotype. Upper part of the Decorah shale, Fillmore, Min- 
nesota, 

Arabellites gregalis Stauffer, n. sp. x 31. 
Paratype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 

Arabellites exiguus Stauffer, n. sp., x 35. 
Holotype. Middle part of the Glenwood beds, Washington Ave- 
nue Bridge, Minneapolis, Minnesota. 

Eunicites eximius Stauffer, n. sp., x 60. 
Holotype. Upper part of the Decorah shale, Fillmore, Min- 
nesota. 

Eunicites sp. a, « 30. 
Lower part of the Decorah shale, University of Minnesota Cam- 
pus, Minneapolis, Minnesota. 

Arabellites acutidentatus Stauffer, n. sp., x 35. 
Paratype. Basal Platteville limestone, Johnson Street ees 
Minneapolis, Minnesota. 

Eunicites sp. b, « 35. 
Upper part of the Glenwood beds, Washington Avenue Bridge, 
Minneapolis, Minnesota. 

Lumbriconereites crenatus Stauffer, n. sp., « 30. 
Holotype. Lower part of the Decorah shale, University of Min- 
nesota Campus, Minneapolis, Minnesota. 

Oenonites magnificus Stauffer, n. sp., & 35. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
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Oenonites excelsus Stauffer, n. sp., & 35. 
Holotype. Lower part of the Decorah shale, University of Min- 
nesota Campus, Minneapolis, Minnesota. 
Eunicites sp. c, & 35. 
Middle part of the Glenwood beds, Washington Avenue Bridge, 
Minneapolis, Minnesota. 
Oenonites propinquus Stauffer, n. sp., x 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Oenonites inornatus Stauffer, n. sp., « 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Oenonites dignus Stauffer, n. sp., 35. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Oenonites recurvus Stauffer, n. sp., x 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Oenonites magnificus Stauffer, n. sp., « 35. 
Paratype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Oenonites sp. a, X 30. 
Basal Platteville limestone, Johnson Street Quarry, Minneapolis, 
Minnesota. 
Oenonites subquadratus Stauffer, n. sp., x 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Oenonites tacitus Stauffer, n. sp., « 60. 
Holotype. Upper part of the Decorah shale, Fillmore, Min- 
nesota. 
Lumbriconereites inflexus Stauffer, n. sp., x 60. 
Holotype. Upper part of the Decorah shale, Fillmore, Min- 
nesota. 
Oenonites scelestus Stauffer, n. sp., x 60. 
Holotype. Upper part of the Decorah shale, Fillmore, Min- 
nesota. 
Oenonites spiculatus Stauffer, n. sp., « 30. 
Holotype. Lower part of the Decorah shale, University of Min- 
nesota Campus, Minneapolis, Minnesota, 
Oenonites paratus Stauffer, n. sp., « 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
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PLATE 60 


Lumbriconereites arcuatus Stauffer. n. sp., x 55. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Lumbriconereites perfectus Stauffer, n. sp., 35. 
Holotype. Lower part of the Decorah shale.5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Lumbriconereites webbi Stauffer, n. sp., « 35. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Lumbriconereites arcuatus Stauffer, n. sp., x 35. 
Paratype. Basal Platteville limestone, Johnson Street Quarry, 
Minneapolis, Minnesota. 
Lumbriconereites modestus Stauffer, n. sp., x 60. 
Holotype. Upper part of the Decorah shale, Fillmore, Min- 
nesota. 
Paleonereites sp., « 30. 
Lower part of the Decorah shale, University of Minnesota Cam- 
pus, Minneapolis, Minnesota. 
Lumbriconereites similis Stauffer, n. sp., « 30. 
Cotype. Upper part of the Glenwood beds, Washington Ave- 
nue Bridge, Minneapolis, Minnesota. 
Lumbriconereites sp. a, & 30. 
Lower part of the Decorah shale, University of Minnesota Cam- 
pus, Minneapolis, Minnesota. 
Ungulites tridentatus Stauffer, n. sp., « 30. 
Holotype. Basal Platteville limestone, Johnson Street Quarry, 
Minneapolis, Minnesota, 
Ungulites bicuspidatus Stauffer, n. sp., « 30. 
Cotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Ungulites bicuspidatus Stauffer, n. sp., « 30. 
Cotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Lumbriconereites speciosus Stauffer, n. sp., 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Hyalinaecites parvus Stauffer, n. sp., « 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Ungulites aculeatus Stauffer, n. sp., « 30. 
Paratype. Basal Platteville limestone, Johnson Street Quarry, 
Minneapolis, Minnesota. 
Ungulites aculeatus Stauffer, n. sp., « 30. 
Paratype. Basal Platteville limestone, Johnson Street Quarry, 
Minneapolis, Minnesota. 
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Figure 16. Ungulites aculeatus Stauffer, n. sp., x 30. 

Cotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 

FicurE 17. Ungulites bicuspidatus Stauffer, n. sp., x 30. 

Cotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 

Ficure 18. Hyalinaecites delectus Stauffer, n. sp., « 35. 

Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 

Ficure 19. Ungulites aculeatus Stauffer, n. sp., 35. 

Cotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 

Figure 20. Ungulites aculeatus Stauffer, n. sp., x 35. 

Cotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 

Figure 21. Hyalinaecites typicalis Stauffer, n. sp., 30. 

Cotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 

Ficure 22. Hyalinaecites subulatus Stauffer, n. sp., x 35. 

Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 

Ficure 23. Hyalinaecites subulatus Stauffer, n. sp., « 35. 

Holotype (another view). Lower part of the Decorah shale 5 
feet above the base of the formation, Ford Bridge, Minneapolis, 
Minnesota. 

Ficure 24. Hyalinaecites plenus Stauffer, n. sp., x 30. 

Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 

Ficure 25. Hyalinaecites plenus Stauffer, n. sp., x 30. 

Holotype (another view). Lower part of the Decorah shale 
5 feet above the base of the formation, Ford Bridge, Minne- 
apolis, Minnesota. 

FicurE 26. Hyalinaecites aureatus Stauffer, n. sp., « 30. | 
Holotype. Lower part of the Decorah shale 5 feet above the | 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 

Hyalinaecites sp. a, & 30. 
Figured specimen. Lower part of the Decorah shale 5 feet 
above the base of the formation, Ford Bridge, Minneapolis, Min- 
nesota. 

Figure 28. Ungulites hystricosus Stauffer, n. sp., « 30. 

Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 

Ficurb 29, Hyalinaecites typicalis Stauffer, n. sp., x 30. 

Cotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 

Figure 30. Nothrites elegans Stauffer, n. sp., « 60. 

Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
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Figure 31. 


FIGURE 32. 


Figure 33. 


FIGurE 34. 


FIGuRE 35. 


FIGureE 36. 


FIGuRE 37. 


FIGURE 38. 


FIGurE 39. 
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Staurocephalites acutidentatus Stauffer, n. sp., « 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Staurocephalites dentatus Stauffer, n. sp., x 30. 
Cotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Thalenessites lobatus Stauffer, n. sp., x 35. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Thalenessites sp., 35. 
Figured specimen. Lower part of the Decorah shale 5 feet 
above the base of the formation, Ford Bridge, Minneapolis, 


Minnesota. 
Nothrites gratus Stauffer, n. sp., « 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Staurocephalites antiquus Stauffer, n. sp., « 30. 
Cotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Staurocephalites antiquus Stauffer, n. sp., «x 30. 
Cotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Staurocephalites dentatus Stauffer, n. sp., « 30. 
Cotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Rhabdochitina ? minnesotensis Stauffer, n. sp., « 30. 
Holotype. This is a problematical organism common among 
the microscopic fossils in the lower part of the Decorah shale. 
Lower part of the Decorah shale 5 feet above the base of the 
formation, Ford Bridge, Minneapolis, Minnesota. 
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PLATE 61 


1. Dinoscolites mirabilis Stauffer, n. sp., « 30. 
Holotype. Basal Platteville limestone, Johnson Street quarry, 
Minneapolis, Minnesota. 
2. Pronereites primus Stauffer, n. sp., x 30. 
Holotype. Upper part of the Glenwood beds, Washington Ave- 
nue Bridge, Minneapolis, Minnesota. 
3. Paleonereites cervicornis Stauffer, n. sp., « 30. 
Holotype. Lower part of the Decorah shale, University of 
Minnesota Campus, Minneapolis, Minnesota. 
4. Paleonereites cervicornis Stauffer, n. sp., x 30. 
Holotype (another view). Lower part of the Decorah shale, 
University of Minnesota Campus, Minneapolis, Minnesota. 
5. Staurocephalites antiquus Stauffer, n. sp., x 30. 
Lower part of the Decorah shale 5 feet above the base of the 
formation, Ford Bridge, Minneapolis, Minnesota. 
6. Nereis virens Sars, x 6. 
Recent specimen from Woods Hole, Massachusetts. 
7. Oenonites sp. b, « 30. 
Lower part of the Decorah shale 5 feet above the base of the 
formation, Ford Bridge, Minneapolis, Minnesota. 
8. Arabellites erectus Stauffer, n. sp. 
Holotype. Middle part of the Glenwood beds, Washington Ave- 
nue Bridge, Minneapolis, Minnesota. 
9. Oenonites sp. b, x 30. 
Lower part of the Decorah shale 5 feet above the base of the 
formation, Ford Bridge, Minneapolis, Minnesota. 
10. Oenonites sp. b, « 30. 
Lower part of the Decorah shale 5 feet above the base of the 
formation, Ford Bridge, Minneapolis, Minnesota. 
11. Oenonites sp. b, x 30. 
Lower part of the Decorah shale 5 feet above the base of the 
formation, Ford Bridge, Minneapolis, Minnesota. 
12. Lumbriconereites sp. b, « 30. 
Lower part of the Decorah shale 5 feet above the base of the 
formation, Ford Bridge, Minneapolis, Minnesota. 
13. Lumbriconereites similis Stauffer, n. sp., x 30. 
Cotype. Upper part of the Glenwood beds, Washington Ave- 
nue Bridge, Minneapolis, Minnesota. 
14. Protarabellites humilis Stauffer, n. sp., x 30. 
Holotype. Lower part of the Decorah shale, University of Min- 
nesota Campus, Minneapolis, Minnesota. 
15. Protarabellites humilis Stauffer, n. sp., « 30. 
Holotype (under side). Lower part of the Decorah shale, Uni- 
versity of Minnesota Campus, Minneapolis, Minnesota. 
16. Arabellites sp. b, x 30. 
Lower part of the Decorah shale 5 feet above the base of the 
formation, Ford Bridge, Minneapolis, Minnesota. 
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FIGURE 17. 


Ficure 18. 


FIGuRE 19, 


FIGURE 20. 


FIGURE 21. 


FIGurRE 22. 


FIGURE 23. 


FIGURE 24. 
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FIGURE 26. 


FIGureE 27. 


FIGURE 28. 


F1iGuRE 29. 


Figure 30. 


FIGURE 31. 


F1GurE 32, 
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Lumbriconereites sp. b, x 30. 
Lower part of the Decorah shale 5 feet above the base of the 
formation, Ford Bridge, Minneapolis, Minnesota. 
Protarabellites sp., « 30. 
Lower part of the Decorah shale 5 feet above the base of the 
formation, Ford Bridge, Minneapolis, Minnesota. 
Protarabellites glenwoodensis Stauffer, n. sp.,’ 30. 
Holotype. Upper part of the Glenwood beds, Washington Ave- 
nue Bridge, Minneapolis, Minnesota. 
Protarabellites maturensis Stauffer, n. sp., « 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Arabellites ignotus Stauffer, n. sp., x 30. 
Holotype. Upper part of the Glenwood beds, Washington Ave- 
nue Bridge, Minneapolis, Minnesota. 
Protarabellites fidelis Stauffer, n. sp., x 60. 
Holotype. Upper part of the Decorah shale, Fillmore, Min- 
nesota. 
Protarabellites delectus Stauffer, n. sp., x 60. 
Holotype. Upper part of the Decorah shale, Fillmore, Min- 
nesota, 
Protarabellites glenwoodensis Stauffer, n. sp., x 30. 
Holotype (another view). Upper part of the Glenwood beds, 
Washington Avenue Bridge, Minneapolis, Minnesota. 
Protarabellites concavas Stauffer, n. sp., x 30. 
Holotype Upper part of the Glenwood beds, Washington Ave- 
nue Bridge, Minneapolis, Minnesota. 
Eunicites sp. d, « 30. 
Lower part of the Decorah shale 5 feet above the base of the 
formation, Ford Bridge, Minneapolis, Minnesota. 
Protarabellites grandis Stauffer, n. sp., x 30. 
Holotype. Basal Platteville limestone, Johnson Street Quarry, 
Minneapolis, Minnesota. 
Protarabellites concavus Stauffer, n. sp., « 30. 
Paratype. Upper part of the Glenwood beds, Washington Ave- 
nue Bridge, Minneapolis, Minnesota. 
Protarabellites productus Stauffer, n. sp., « 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Hyalinaecites aequidentatus Stauffer, n. sp., « 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Protarabellites intermedius Stauffer, n. sp., « 30. 
Holotype. Basal Platteville limestone, Johnson Street Quarry, 
Minneapolis, Minnesota. 
Oenonits sp. b, « 30. 
Lower part of the Decorah shale 5 feet above the base of the 
formation, Ford Bridge, Minneapolis, Minnesota. 
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FiGuRE 33. 


FIGURE 34. 


FIGURE 35. 


Figure 36. 
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FIGURE 38. 


Ficure 39. 


Figure 40. 


Figure 41. 


FIGURE 42. 
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Protarabellites dubius Stauffer, n. sp., x 60. 
Holotype. Upper part of the Decorah shale, Fillmore, Min- 
nesota. 
Lumbriconereites cognitus Stauffer, n. sp., « 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
Lumbriconereites cameratus Stauffer, n. sp., « 30. 
Cotype. Basal Platteville limestone, from test well No. 42 drill 
core, St. Paul, Minnesota. 
Lumbriconereites affinis Stauffer, n. sp., « 30. 
Cotype. Basal Platteville limestone, Johnson Street Quarry, 
Minneapolis, Minnesota. 
Lumbriconereites affinis Stauffer, n. sp., « 30. 
Cotype. Middle part of the Glenwood beds, Washington Ave- 
nue Bridge, Minneapolis, Minnesota. 
Lumbriconereites cameratus Stauffer, n. sp., « 30. 
Cotype. Lower part of the Decorah shale 5 feet above the base 
of the formation, Ford Bridge, Minneapolis, Minnesota. 
Lumbriconereites cameratus Stauffer, n. sp., « 30. 
Cotype. Basal Platteville limestone, Johnson Street Quarry, 
Minneapolis, Minnesota. 
Lumbriconereites superbus Stauffer, n. sp., 30. 
Holotype. Basal Platteville limestone, Johnson Street Quarry, 
Minneapolis, Minnesota. 
Lumbriconereites cameratus Stauffer, n. sp., « 30. 
Basal Platteville limestone, Johnson Street Quarry, Minne- 
apolis, Minnesota. 
Lumbriconereites potensus Stauffer, n. sp., 30. 
Holotype. Lower part of the Decorah shale 5 feet above the 
base of the formation, Ford Bridge, Minneapolis, Minnesota. 
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INTRODUCTION 


Cumberland Mountain is one of those “even-crested” Appalachian 
ridges whose summits, in general, are commonly supposed to represent a 
peneplain—the Schooley, or “Cretaceous,” peneplain—which once cov- 
ered the region. Cumberland Gap is a notch, éut to a depth of about 600 
feet in that ridge, but not now occupied by a stream. 

If the apparent evenness of the ridge crest is due to peneplanation, one 
would expect the crest to have essentially the same altitude on the two 
sides of the gap. As a matter of fact, the ridge crest on the southwest 
side lies about 300 feet lower than on the northeast side. This difference 
in level on the two sides of the gap is a striking feature, which immedi- 
ately attracts the attention of the physiographer (figures 1 and 2 and 
profile, figure 3). Why should this marked change in the elevation of 
the ridge crest be localized at Cumberland Gap? 

If the even crests of the ridges on the two sides of the gap were due to 
peneplanation, and if, as is actually the case, a fault of the requisite 
displacement passed through the gap, it would be a natural assumption 
that the ridge had been displaced since peneplanation. If, on the other 


1 Manuscript received by the Secretary of the Society, April 8, 1933. 
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hand, “even” ridge crests do not necessarily imply peneplanation but 
may be produced by differential erosion on a resistant bed of steeply 
dipping rock, differences in the elevations of the crests on the two sides 


Figure 1.—Cumberland Mountain and Cumberland Gap from the Northwest 


The ridge on the southwest side of the gap is about 300 feet lower than on the north- 
east side. Bottom of the gap is hidden by the nearer hill. (From a photograph.) 


of the gap might be expected if, as is also true in this instance, the dips 
on the two sides were different. 

It thus appears that an explanation of the discrepancy in altitude of 
the ridge crests is not entirely simple. Obvious possibilities are, on 
the one hand, post-peneplain faulting, and, on the other hand, differen- 
tial erosion of unequally dipping rocks. 


Ficure 2.—Cumberland Gap from the Southeast 


Origin of the gap also presents an interesting problem. The current 
hypothesis, that it was cut by a river flowing northwestward from the 
crystalline Appalachians toward the Ohio, will be shown to be untenable. 
If cut by any river, the gap seems to have been cut by a stream of local 
origin flowing southward. However, on account of the intense breccia- 
tion, due to the faulting of the rocks at the gap, it seems entirely possible, 
as was long ago suggested by Shaler,? that the gap may have been produced 
without a stream by differentially rapid erosion of the weakened brecciated 
zone. 


2N. S. Shaler: Notes on the age and the structure of the several mountain axes in the 
neighborhood of Cumberland Gap. Am, Nat., vol. 11, 1877, pp. 385-392. 
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GENERAL RELATIONS go 
Cumberland Mountain is a long mono- 
clinal ridge formed by the outcrop of the = se a 
resistant basal sandstone (in part, conglom- = 7 
' 
eratic) of the Pennsylvanian system, known 5 ro 
as the Lee formation, which dips northwest- 2 
ward into a synclinal trough lying between 8 EL ' 
Cumberland Mountain and Pine Mountain— Fy > 
a similar monoclinal ridge dipping south- vd SE 
= 
eastward into the same trough from the op- 3 & 
. . . 
posite side (figure 4). The synclinal trough, * 
with its bordering monoclinal ridges, is a 53 us 
part of a larger feature, the Cumberland ome! ; 
: @ Cumberland Gap 
overthrust block (figure 5), which, for a dis- es + 
as 
tance of about 125 miles, has been thrust F es i$! 
bodily northwestward on an essentially flat ga! 2 
thrust-plane which outcrops along the north- 
west base of Pine Mountain and underlies, 2s ie: 
seemingly at shallow depth, the entire area 
under discussion.® 
The synclinal trough is occupied by nearly 22s | ! | 
1e synclinal trough is occupied by nearly 34s 
flat-lying sediments of Pennsylvanian age. 
These have been maturely dissected, but, on 
account of the resistance of some of the sand-  & = et 
eos 
stones in their upper part, they have amoun- -*& ; 4 
tainous topography, with summits rising in as 
places nearly a thousand feet higher than the 22 ™ 
monoclinal ridges on either side.* g* Q § 
Rocky Face Favir Zone 
+2330 
The synclinal trough between Cumberland = 5 8 as 
3 
and Pine mountains is crossed by a belt of = Q SS 
disturbance and faulting, extending north 3 2 3 
from Cumberland Gap along the western side * > 
3C, K. Wentworth: Russell Fork fault of southwest 
Virginia. Jour. Geol., vol. 29, 1921, pp. 351-369. ' 
Charles Butts: Fensters in the Cumberland over- 
thrust block in southwestern Virginia. Virginia Geol. 
Survey Bull. 28, 1927. 
4Much of the area under discussion is shown on a 3 Sallis. hie Ma Q = 
scale of 1: 62.500 with 50-foot contours on the Mid- 3 8 3 8 
dlesboro quadrangle, U. S. Geol. Survey. Spel 2s 
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of Rocky Face to the vicinity of the Cumberland River gap in Pine Moun- 
tain at Pineville. East of this disturbed belt the trough is about 234 miles 
narrower than it is west of the belt. This narrowing brings about a slight 
southward deflection of the trend of Pine Mountain and a considerable 
northward deflection of that of Cumberland Mountain in the vicinity of 
Cumberland Gap. 


Middles boro ‘Basin 
(Allaviated) 


Me Cumberland 
Gap 


a 


files 
(from Ashley ¥ Glenn) 


FicurE 4,—Map of Cumberland Gap District 
Showing principal geologic features. 

Rocky Face is a prominent westward-facing scarp, made by the same 
conglomeratic sandstone (Lee formation) that causes the Pine Mountain 
about 2500 feet into an elongated half dome bordered by a steep thrust- 
fault on its western side. The fault changes at both ends to anticlinal 
folds trending toward the Pineville and the Cumberland gaps. Ashley 
and Glenn® have estimated that the north-south shortening involved in 


5G. H. Ashley and L. C. Glenn: Geology and mineral resources of the Cumberland Gap 
Coal Field, Kentucky. U. S. Geol. Survey Prof. Pap. 49, 1906, especially pp. 23-28 and 
45-50. 
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the Rocky Face buckle has been 1200 to 2000 feet. Shortening must 
have been confined to the immediate vicinity of the disturbed belt, for 
the bottom of the trough farther east is not noticeably folded or buckled. 

Ashley and Glenn reported the strike of the fault at Cumberland Gap 
as about N.23°W. They did not succeed in tracing a connection be- 
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FiGureE 5.—Cumberland Overthrust Block and Associated Structural Features 


tween it and the fault at Rocky Face, and it is doubtful if a continuous 
fault connection exists, although both faults are undoubtedly expressions 
of the same line of disturbance.* 


MippLessoro BAsIN 


Another feature of interest is the Middlesboro basin, a roughly circular j 
topographic basin about 4 miles in diameter, lying northwest of Cumber- 
land Gap in the obtuse angle between Cumberland Mountain and the 
Cumberland Gap-Rocky Face fault zone. The basin is an alluvium- 
floored lowland surrounded by mountains. It is drained northward to 
Cumberland River by Yellow Creek. That stream flows out of the 


6 For a contoured structure map of the region under discussion see: Map of structural 
geology of Bell County, Kentucky Geol. Survey, 1928. This map fails to show the Cum- 
berland Gap fault. 
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basin northward for about 2 miles through a narrow valley, then turns 
eastward across the plunging southern end of the resistant Rocky Face 
upthrust, then again northward along the eastern base of the Rocky Face 
dome to Cumberland River. 


neville 
erland 


Scale in miles 


Ficure 6.—Drainage Map of the Cumberland Gap District 


Features suggesting that the Middlesboro basin may once have drained southward 
through Cumberland Gap. 


No structural reason for the existence of the Middlesboro basin is ap- 
parent. However, Ashley and Glenn reported that within its area the 
shales and sandstones from which the basin has been eroded are badly 
crumpled and crushed, so that they undoubtedly have offered less re- 
sistance to erosion than the adjoining, less disturbed rocks belonging to 
the same formations. 

Another partial explanation for the topographic basin (but not for 
its alluviation) may here be suggested; namely, that in an earlier stage 
of physiographic evolution when, as will be shown, the area may have 
drained southward through Cumberland Gap, the convergence of the 
numerous streams toward the gap (figure 6) led to the removal of the 
more resistant rocks which occur in the upper part of the section and 
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which now underlie the higher mountains north and west of the basin, 
so that in the present cycle the underlying weak and crushed shales on 
the site of the basin have not been protected by a resistant cap and con- 
sequently have yielded readily to general erosional lowering. 

The problem of the origin of the Middlesboro basin and its physio- 
graphic and structural significance have been discussed at length by 
Ashley and Glenn. Only a brief statement of their conclusions bearing 
on the present discussion will be presented here. 

On account of the crushed condition of its rocks, the basin might 
reasonably be explained as having resulted from the relatively more 
rapid erosional wasting of crushed and shattered rocks known to underlie 
it. Such an explanation, however, does not account for the observed al- 
luvial filling. Ashley and Glenn conclude that this cannot be less than 
30 to 40 feet and may be more than 175 feet, for a well of that depth 
is reported to have ended in silt. The topographic evidence, as expressed 
by the alluviation of tributary valleys, also indicates a considerable depth 
for the filling. The valley leading out of the basin is so narrow that its 
bed cannot be supposed ever to have been much deeper than at present. 
If the alluvial filling in the basin is only 30 to 40 feet deep, that amount of 
additional depth might possibly be allowed for the narrow part of the 
outlet valley, but if the depth of alluvium is anything like 175 feet it 
would certainly be below the bottom of the outlet valley and also of the 
rock bed of the outlet stream where it crosses the south end of the Rocky 
Face uplift. Moreover, as the present surface of the alluvium in the 
basin is approximately 1140 feet above the sea, the larger figure for the 
depth of the alluvial filling would place the bottom of the basin below the 
level of the rock barrier where Cumberland River crosses Pine Mountain 
(approximately 990 feet). 

Ashley and Glenn discuss rather fully various possible explanations for 
the ponding of the Middlesboro basin, among which are: (a) an upward 
movement along the fault at Rocky Face where it is crossed by Yellow 
Creek, the outlet stream; (b) local sinking of the basin at Middlesboro ; 
and (c) a combination of uplift at the fault and of local sinking of the 
basin. They conclude that if the alluvial filling is only 30 to 40 feet, 
it might be accounted for by recent movement of uplift along the fault 
at Rocky Face, but if the higher figures for the depth of the alluvium 
are correct, a sinking of the basin is also required. “In either case it is 
almost certain that there have been earth movements of some magnitude 
in this region, probably as late as the Pleistocene or late Tertiary.” 
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NATURE AND DATE OF THE FAULTING 


In order to evaluate the part played by faulting in producing the 
observed discrepancy in elevations of ridge crests at Cumberland Gap, it 
is necessary to know how the observed faults fit into the general structural 
pattern of the region and to determine whether they are related to the 
crustal movements which formed the Cumberland thrust-block during 
the Appalachian revolution in late Pennsylvanian and Permian time, or 
whether they represent later movements or adjustments not directly 
connected with the original disturbance. 

Study of the relation of the Cumberland Gap-Rocky Face fault-zone 
to the Cumberland thrust-block as a whole shows that the two are in- 
timately related (figure 5). In order to make clear that relation, a brief 
discussion of the principal structural features of the Cumberland thrust- 
block is necessary. Only the part of the block northwest of the Cumber- 
land Mountain front need be considered in this connection. 


CUMBERLAND THrust BLock 


The Cumberland block, and the mechanics of the movements which 
produced it, have been ably discussed by Wentworth,’ and more recently 
a cross-section of the block and a discussion of the nature of the thrust 
fault beneath it have been prepared by Butts.* Neither of them mentions 
the subordinate cross faults, one of which is that at Rocky Face. The 
work of both these authors has been drawn upon freely in the preparation 
of the following description. 

The overthrust block has a length of about 125 miles. It has been 
torn loose from its surroundings at the southwest end along the Jacks- 
boro shear fault and at the northeast end along the Russell Fork fault. 
The thrust plane, or sole, on which it slid crops out along the northwest 
base of Pine Mountain. Wentworth points to evidence of a skewing 
movement of the block by which the southwest end moved more than the 
northeast end, thus putting excessive pressure on the southwest corner of 
the block at the Jacksboro shear fault. The Jacksboro fault is rather 
strongly overthrust toward the west, and the Russell Fork fault is slightly 
overthrust toward the northeast. Such overthrusting, however, would 
occur independently of any skewing of the block, for, as will be readily 
seen from an inspection of Figure 5, any northwestward movement of 
the block would necessarily produce a wedging and overthrusting effect 


™C. K. Wentworth: Op. cit. 
Charles Butts: Op. cit. 
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along the boundary shear faults, because they converge at a considerable 
angle to the trend of the block. 

The block evidently did not move northwestward as a unit, but was 
divided into at least three wedge-shaped segments, bounded by shear 
zones similar to those at the ends—one of them essentially parallel to 
the fault at the east end of the major block; the other, to that at the west 
end (figure 5). One of these shear zones, extending from near Speedwell 
northwestward toward Jellico Gap in Pine Mountain, causes a sharp 
bend in the trend of Cumberland Mountain near Speedwell, a slight 
offset in the course of Pine Mountain at Jellico Gap, and a disturbed 
belt crossing the block between the two. The other is the Rocky Face 
shear zone, already described, which is also marked by a pronounced bend 
in the trend of Cumberland Mountain and by the faults at Rocky Face 
and Cumberland Gap. The block between these two shear zones has the 
form of a wedge pointing southeastward and appears to have been moved 
northwestward a shorter distance than the blocks on either side. 

Of the shear zones bordering this buttressed wedge, the Rocky Face 
zone on the eastern side (parallel to the Jacksboro shear fault) is much 
the more pronounced. The upward thrusting toward the west at Rocky 
Face is similar to that at the Jacksboro fault. In both places the massive 
sandstone of the Lee formation has been thrust up into a steep monocline 
dipping eastward, but the details of the upthrust are different, and that 
on the Jacksboro fault is much the greater. The effect of the skewing 
motion of the block as a whole, noted by Wentworth, seems to have been 
felt on the Rocky Face shear in the same way as at the Jacksboro fault. 
but to a lesser degree. This condition suggests one possible explanation 
of the intense crushing which is reported to have affected the rocks of 
the Middlesboro basin, for that basin is so situated as to be subjected to 
the crushing effect of this skewing, in so far as it was localized along the 
Rocky Face fault zone. 

From the foregoing considerations it seems certain that the Cumber- 
land Gap-Rocky Face fault zone is a definite element in the major struc- 
ture of the Cumberland thrust-block; that it is an expression of the 
same strain and the same movements which produced the Cumberland 
block ; and hence that, as such, it must have been formed at the same time 
as the major block. Its close similarity to the Jacksboro shear fault and 
its relation to the block as a whole mark it as a product of the compressional 
forces, directed toward the northwest, which caused the overthrusting. 
This fixes the date of the faulting as some time during the Appalachian 
revolution. These movements, therefore, could not have affected directly 
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the present elevation of the ridge crests or the recent sinking of the 
Middlesboro basin. 

It does not necessarily follow, however, that the break at Cumberland 
Gap occurred at the same time. The northward bend in the trend of the 
Cumberland Mountain monocline must have been produced then, but 
the actual break at the gap may possibly have occurred as a secondary 
adjustment at a later date. 


PossiBLE CAuUsE OF LATER MOVEMENTS 


In the foregoing attempt to analyze the forces and the crustal move- 
ments connected with the overthrusting of the Cumberland block, nothing 
has been found which would account for the sinking of the Middlesboro 
basin. If, as seems to be established, the overthrust block is thin and 
has ridden forward on a flat thrust-plane, no reason for local downfolding 
appears, and if, as also seems probable if not certain, the Rocky Face fault 
zone is a superficial phenomenon of the overthrust block, that zone 
would not be expected to extend below the thrust-plane and consequently 
would not constitute a zone of weakness in the underlying crust along 
which renewed faulting movements might have taken place at a later 
date to have caused the sinking. 

Renewal of the compressional movements which originally produced 
the overthrust could not well have affected the Middlesboro region at a 
recent date, because only about 5 miles southeast of Cumberland Moun- 
tain the thrust plane comes nearly, and in places quite, to the surface® 
(figure 5, cross-section), and any renewal of movement along that plane 
must have spent itself in surface folding or thrusting along that line. 

For the reasons given above, it is believed that any sinking movements 
which may have taken place around Middlesboro are most likely to have 
been gravitational adjustments in a structure produced at the time of the 
overthrusting, set off relatively recently by erosional removal of parts 
of the structure, which was competent while intact, but which failed when 
some of its supporting members had been eroded away. 

Recognition of this possibility calls for an analysis of conditions in the 
vicinity which might have led to delayed adjustment. The competent 
rocks involved are the Lee formation, containing several hundred feet 
of conglomeratic sandstone, and the Newman limestone, about 350 feet 
thick, which lies below and is separated from the Lee conglomerate by 
100 feet or more of Pennington shale. 


*Charles Butts: Op. cit. 
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Stresses and movements associated with the development of the Cum- 
berland Mountain monocline and the Cumberland Gap-Rocky Face fault- 
zone were such as would have favored the formation of a domelike up- 
bulge within the angle between them at the site of the Middlesboro basin. 
The break along the Rocky Face fault gave opportunity for local upward 
relief of the stresses that pushed the Cumberland block northwestward. 
On the east side of the fault this relief was accomplished by buckling 
and upthrust of the Rocky Face half dome. On the west side a similar 
half dome might have developed had it not been for the fact that the 
Rocky Face fault had a strong component of shearing upthrust toward 
the west. The effect of this would have been a tendency toward the for- 


Kicure 7.—Middlesboro Basin 


Diagrammatic cross-sections to illustrate explanation of relatively recent sinking. 
A—section northwest to southeast ; B—section west to east 


mation of a complete dome a short distance west of the fault instead of 
a half dome at the fault line, because along the fault plane a component 
was directed downward beneath the overthrust. 

Thus, it seems likely that a dome, held up by the competent Lee and 
Newman formations, would have been produced on the site of the Middles- 
boro basin. Such a dome might well have been almost without support 
from below, because the gliding plane on which the Cumberland block 
is believed to have been thrust forward is the Chattanooga shale, which 
lies only a short distance below the Newman limestone. The dome may, 
therefore, have been an unstable structure, prevented from collapsing 
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downward by the strength of the competent beds composing its lower part, 
and prevented from flattening out because those beds were continuous 
over a large area outside the dome. Since the dome was close to the 
Cumberland Mountain monocline and the Rocky Fate fault zone, the 
resistance opposing flattening out, as mentioned above, was greatly de- 
creased by the erosional removal of the Lee and the Newman formations 
from the top of the monocline south of Cumberland Mountain. The 
reason for this will appear from an inspection of Figure 7, A. The re- 
moval by peneplanation of these formations from the top of the mono- 
cline along a line such as x-y of Figure 7, A, would radically alter the 
resistance to the flattening out of the dome, which could then be accom- 
plished in this direction by a moderate movement in the direction of the 
arrow, along one or another of the shales as a gliding zone. As the dome 
began to settle, a lateral thrust would be developed toward the Rocky 
Face fault-zone as well as toward the Cumberland Mountain monocline. 
Up-bulging along the Rocky Face fault or its anticlinal continuation to 
the south (in the event the fault is not continuous in the lower forma- 
tions with that at Cumberland Gap) would be favored by erosional lessen- 
ing of load there, as will be clear from an inspection of Figure 7, B. 
Thus, peneplanation and erosion would have produced conditions favor- 
able to relatively recent gravitational settling of a dome on the site of 
the present Middlesboro basin. This would account for the relatively 
recent sinking of the basin, and would also have tended to produce a 
slight rise along the Rocky Face zone of disturbance, which is crossed by 
the outlet stream from the basin. Both factors would have combined to 
produce the observed alluviation with a minimum of movement, either 
sinking at the basin or rising at the Rocky Face barrier. 

The holding back of such gravitational adjustment to a time so recent 
as is indicated by the alluviation at Middlesboro may be offered as an 
objection to the explanation proposed. The reply must be that it is en- 
tirely possible that the settling of the basin began immediately after the 
peneplanation, but has progressed slowly, and possibly spasmodically, 
until relatively recent times. Furthermore, relief eastward, by up-bulg- 
ing along the Rocky Face fault, would be easier in proportion as the load 
was eroded away along that zone; hence, conditions for adjustment would 
continually become more favorable as erosion progressed. 

This explanation, if correct, affords a solution for another puzzling 
feature of the Middlesboro basin, which has already been referred to; 
namely, the fact that the alluviated floor of the basin is only the bottom 
of a larger topographic basin, nearly circular in outline and over 4 miles 
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in diameter, bounded on all sides except the southeast (Cumberland 
Mountain) by hills, rising abruptly to heights of 1000 to 1500 feet above 
the basin floor, carved out of the flat-lying rocks that occupy the synclinal 
trough between Pine and Cumberland mountains. (See Middlesboro 
quadrangle, United States Geological Survey.) 

If a dome formerly existed where the basin now lies, it would have 
raised the resistant rocks which now cap the surrounding mountains above 
the level of peneplanation, and they would have been removed over a cir- 
cular area corresponding to the dome. In the post-peneplain cycle, ero- 
sion would have proceeded rapidly in this area, especially in the later 
stages when the weak Hance shale, overlying the Lee formation, would 
have been uncovered within the domed area. 

The explanation outlined above would also help to account for the 
crushed and shattered condition of the rocks in the basin as reported by 
Ashley and Glenn. 

In concluding the discussion of the faulting at Rocky Face and at 
Cumberland Gap and the sinking of the Middlesboro basin as they bear 
on the problem of the cause of the difference in elevation of the ridge 
crests of Cumberland Mountain on the two sides of the gap, it may be 
said that the relation of the fault-zone to the overthrust block as a whole 
indicates that the original faults antedate the peneplanation and thus 
could not have had anything to do directly with producing the discrepancy 
in ridge elevations. The best explanation which can be devised for the 
recent sinking of the Middlesboro basin calls for recent upthrusting of 
the Cumberland Mountain ridge south of the basin, not for downfaulting 
or recent crustal sinking. Therefore, the evidence seems all against 
faulting or recent crustal sinking as the cause of the discrepancy. 


DIFFERENTIAL LOWERING OF RIDGE CRESTS 


Granted that the lowering of the ridge crest west of Cumberland Gap 
was not due to post-peneplain crustal movements, it is necessary to in- 
quire as to the adequacy of differential erosion for producing the observed 
condition. 

As has already been said, the dip of the Lee sandstone is considerably 
greater west of the gap than east of it. Ashley and Glenn give 65° as the 
dip west of the gap and 18° to 25° on the east side. As is generally 
recognized, steeper dip of a monoclinal bed of resistant rock causes a nar- 
rower outcrop and should result in more rapid erosion and a greater 
lowering in a given length of time. 


Soc. Am., Vou. 44, 1933 
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This principle can readily be tested for the Cumberland Mountain 
ridge, the profile of which, for several miles on each side of the gap, 
is shown in Figure 3. The profile brings out clearly the fact that, though 
the ridge may appear from a distance to have an even crest, the actual 
crest is far from even. In fact, within 1134 miles along the ridge on the 
east side of the gap the elevation rises to 3328 feet, which is 880 feet 
higher than the crest at “The Pinnacle,” east of the gap, and over 1000 
feet higher than the ridge west of the gap. It is significant that this high 
part of the ridge crest occurs at Brush Mountain, where the rocks have 
flattened out at the top of the fold. West of the gap for many miles, where 
the dip remains relatively uniform and quite steep, the elevation of the 
crest is approximately constant between 2300 and 2500 feet, but northwest 
of Speedwell, where the bend in the trend of the mountain fiont causes a 
flattening of the dip and a widening of the outcrop of the Lee formation, 
the elevation rises to 2960 feet at McLean Rock, Maynardville quadrangle. 


Profile of Chinch Mountain” ~ 
a 
--- 449 Moccasin Gap, Va..--2000 


Ficure 8.—Profile of Clinch Mountain at Big Moccasin Gap 
Showing discordance in elevation of the crest on the two sides of the gap. 
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In order to check these differences in level along the ridge with those 
which might be due to variations in local base-level at a time of pene- 
planation, the following comparison was made. In the distance from 
McLean Rock past Cumberland Gap to a point opposite the 3328-foot 
elevation at Brush Mountain, Powell River, which flows essentially 
parallel to Cumberland Mountain and about 4 to 10 miles distant from 
it, rises less than 200 feet. Opposite the 12-mile stretch from Cumber- 
land Gap to Brush Mountain, Powell River rises only 80 feet. The 
river is now flowing in a youthful gorge, but at a time of peneplanation 
the gradient of local base-level must have been considerably less than 80 
feet in 12 miles airline distance. It is evident, therefore, that the varia- 
tions in altitude along the crest of Cumberland Mountain in this vicinity 
are far greater than any variations in local base-level during a time of 
peneplanation, and therefore that the crest of Cumberland Mountain 
presents no valid evidence in favor of peneplanation. If a peneplain was 
present at the lower elevation, the ridge must have risen about 1000 feet 
above it in places or, if it is assumed that the ridge was once completely 
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beveled, parts of it must have lost 1000 feet in height since the beveling. 
The discrepancies could be reduced by assuming a combination of incom- 
plete peneplanation with some loss of height since planation, but even 
then the discrepancies are too great to permit the use of the ridge crests 
as criteria of peneplanation, or the use of discrepancies in elevation along 
the ridge crest as evidence of post-Schooley faulting. 

On the other hand, the observed condition of the crest line seems to be 
such as might reasonably be expected to result from differential erosion 
acting on steeply, but unequally, dipping rocks, and such evenness as 
exists is no greater than might be expected from the operation of well- 
known forces which tend to reduce a monoclinal ridge at an approximately 
uniform rate, thus developing a broadly even crest line entirely independ- 
ent of any former peneplanation. The discrepancies in elevation on the 
two sides of Cumberland Gap are such as should be expected from the dif- 
ferences in dip. 

A condition similar to that at Cumberland Gap is found at Big Moce- 
casin Gap, Virginia, where Big Moccasin Creek flows through Clinch 
Mountain, a similar monoclinal ridge formed by the outcrop of the Clinch 
sandstone.'° West of the gap the ridge crest is uniform for several miles, 
though jagged in detail, at an elevation of about 2200 feet (figure 8). 
On the east side of the gap the ridge crest rises abruptly to 2700 feet 
and within 41% miles has reached over 3200 feet. Here, as at Cumber- 
land Gap, a fault is present with downthrow on the side on which the 
ridge crest is lower, but no evidence is known to indicate that the fault 
is recent or post-Schooley. Here, also, the dip is much steeper on the 
west, or lower, side of the gap than on the east, or higher, side. 

From all of the above considerations, one must conclude that, in view 
of the difference in dip of the rocks on the two sides of Cumberland Gap, 
it is unsafe to assume that the crests on the two sides of the gap would 
have had the same elevations even if there had been no faulting. In fact, 
it seems fairly certain that the elevations would not have been the same, 
and that the present differences are due to differentially greater erosion 
of the more steeply dipping rocks on the west side. 


oF CUMBERLAND GAP 


Due to the intense brecciation of the rocks along the fault passing 
through Cumberland Gap, the site of the gap is the one point in a distance 
of many miles along Cumberland Mountain where the resistance of the 
hard, conglomeratic sandstone of the Lee formation is markedly less 


1° See Estillville folio No. 12, U. S. Geol. Survey. 
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than elsewhere. Inasmuch as the agencies of weathering and erosion 
effectively detect and etch out spots or zones of lessened resistance, it is 
to be expected that a gap would exist where the fault crosses the ridge, 
entirely independent of the former existence of any stream. Whether 
it would be as deep as the present Cumberland Gap may possibly be open 
to doubt. In order to build up a basis of experience on which to judge 
how much lowering of a ridge is to be expected from differential wasting 
of a shattered belt, we need critical descriptions of wind gaps which are 
so situated that their production by stream cutting can be eliminated as 
a possibility. 

In the case of Cumberland Gap, it seems entirely possible that differen- 
tial lowering of the shattered belt may have formed the gap, but the pos- 
sibility that it was formed by a stream which has since been captured and 
diverted to another course is at least equally deserving of recognition. 

The classical interpretation of Cumberland Gap is expressed by Haves 
and Campbell ™ as follows (p. 103): 

“In the central portion of the province the Cumberland River probably 
drained a portion of the Appalachian valley in southwestern Virginia, holding 
its antecedent course through Cumberland gap and flowing into the extreme end 
of the Mississippi embayment.” 

As to subsequent conditions, during the Tertiary cycle, they say (p. 
108) : 

“Cumberland river had cut deeply into the old Cretaceous peneplain and 
again baseleveled its valley in the soft limestones of the plateau region. It 
also probably baseleveled a small area of folded rocks in the Appalachian 
valley—the present basin of Powell river which then flowed westward through 


Cumberland gap.” 

This river, flowing northwestward through Cumberland Gap, is sup- 
posed to have been captured by a stream—occupying the present lower 
course of Powell River—working headward toward the northeast on the 
weak rocks of the Appalachian Valley. 

Proof that such was not the drainage history of the region is found 
in the fact that Powell River, in the part of its course where it passes 
Cumberland Gap, is flowing in an intricately meandering course, in- 
trenched sharply into an upland which, even within the meander loops, 
has an elevation higher than the bottom of Cumberland Gap. (See 
Middlesboro Quadrangle, Kentucky, Tennessee, Virginia, and figure 6.) 

The elevation of the bottom of the gap is 1649 feet. The elevations 
of the spurs within the loops of Powell River’s entrenched meanders range 


uC, W. Hayes and M. R. Campbell: Geomorphology of the Southern Appalachians. 
Nat. Geog. Mag.. vol, 6. 1894, pp. 63-126. 
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up to 1850 feet, so that, even allowing for considerable subsequent lower- 
ing of Cumberland Gap, it is certain that Powell River had its present 
meandering course before the gap was abandoned by any stream which 
may once have flowed through it. 


CUMBERLAND GAP AS A Propuct oF A SOUTHWARD-FLOWING STREAM 


For the reasons outlined in the preceding section, we may be sure that 
Cumberland Gap was not cut by a northward-flowing stream which was 
later captured by the Tennessee drainage working headward along the 
lower course of Powell River. Many indications, however, point to its 
having been occupied by a southward-flowing stream, draining the catch- 
ment area of the present Middlesboro basin, which was later captured and 
diverted to the Cumberland River drainage by a tributary of Yellow 
Creek working headward on weak rocks around the south end of Rocky 
Face Mountain. (At the time of the capture the stream in its present 
course would not yet have cut down to the resistant sandstone through 
which it is now flowing across the end of the mountain.) 

Some of the evidences pointing toward the above interpretation are: 
(1) The pattern of the Middlesboro basin drainage points toward Cum- 
berland Gap (see drainage map, figure 6); (2) part of the drainage of 
the Cumberland synclinal basin still goes southward through gaps in Cum- 
berland Mountain, notably at Pennington Gap (Jonesville quadrangle, 
Virginia) and at Big Creek Gap (Briceville quadrangle, Tennessee) ; (3) 
conditions were favorable for the capture of any stream which may once 
have flowed southward through Cumberland Gap. A stream draining 
the catchment area of the present Middlesboro basin and flowing south- 
ward across Cumberland Mountain would not have been very large and 
would have found the Lee sandstone at Cumberland Gap, even in its shat- 
tered condition, a rather formidable barrier at that point. On the other 
hand, a belt of weak shales lies above the Lee formation, as shown by the 
presence of a strike valley eyerywhere at the inner bases of Cumberland 
and Pine mountains. This belt of weak rocks should also be present along 
the eastern side and the southern end of the Rocky Face uplift. With 
such a path of weak rocks provided from the major drainage line of Cum- 
berland River around the east and south sides of Rocky Face, capture of 
the drainage of the Middlesboro region by a stream working headward 
from Cumberland River would have been the logical result. The present 
narrow valley of Yellow Creek at the outlet of the present Middlesboro 
basin harmonizes with this interpretation. 
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CONCLUSIONS 


The lower elevation of the crest of Cumberland Mountain on the west 
side of Cumberland Gap cannot safely be used as a criterion of post- 
Schooley crustal movements, for it might have been, and probably was, 
produced by differential erosion alone. Furthermore, an analysis of the 
structure of the region indicates that post-Schooley faulting is unlikely, 
though settling of the Middlesboro basin, perhaps due to gravitative ad- 
justments following erosion, seems to have occurred in relatively recent 
time. 

Cumberland Gap was not cut by a northward-flowing stream, but con- 
siderable evidence points to its having been formed by a stream, draining 
southward from the Middlesboro region, which has since been captured 
and diverted northward to Cumberland River. 
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INTRODUCTION 


For many years past the author has studied the later Mesozoic deposits 
of California, Oregon, and other western States, and more recently he has 
reworked some of their more complete sections in the Coast Ranges of 


1 Manuscript received by the Secretary of the Society, November 24, 1932. 
(1287) 
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California. From all parts of the succession, large collections of fossils 
have been made; these have been deposited in the California Academy of 
Sciences, San Francisco, where they have been studied in part. In this 
work the author has had the cordial cooperation of Dr. G. Dallas Hanna, 
curator of paleontology at the Academy of Sciences; Dr. Olaf P. Jenkins, 
of the State Division of Mines, and various other friends. The facilities 
and the support of the Academy of Sciences have greatly aided, not only 
in the field work and in the collection of materials, but also in the library 
work and the study necessary in the preparation of the present contribu- 
tion. In the study of the field covered in part by the accompanying map 
and profile, the author has had the cooperation of Ralph D. Reed, of the 
Texas Company, and for the details of the more important sections he 
owes much to the careful pace traverses and notes made by A. I. Gre- 
gersen and R. W. Burger, also of the Texas Company, along both Mc- 
Carthy and Redbank creeks. 

For the determination of many of the fossils and some of the zones 
herein represented much reliance has been placed on the published works 
of T. W. Stanton, and also upon the paleontologic work of A. P. Pavlow, 
whose descriptions and illustrations of the many species of Aucella found 
in this sequence, and in similar beds in Russia, have been most helpful. 

The later Mesozoic deposits of the West Coast, as well as their history, 
seem not to have been widely understood among students, although much 
that is valuable has been written regarding them. The time interval 
represented in these deposits covers important events, and includes one 
of the most critical epochs in geologic history. Certain it is that wide- 
spread physical and faunal changes took place on the Pacific Coast, as 
well as in other parts of the world, during the epoch that includes the 
close of Jurassic and the opening of Cretaceous times. These changes 
are well illustrated in the deposits of the Knoxville and the Shasta series 
in the Coast Ranges of California and, perhaps, of Oregon also, although 
less is known concerning the latter area. 


DEFINITIONS OF MaAsor SERIES 


The “Shasta group” was first defined by W. M. Gabb in 1868 in a paper 
read before the National Academy of Sciences, in which he reviewed, in 
part, the results obtained by the California State Geological Survey. 
These stratigraphic results were later summarized by J. D. Whitney in 
somewhat the same language. The earliest Cretaceous deposits known to 
either Whitney or Gabb were described by Whitney as follows: 
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“The Shasta Group is a provisional name, proposed to include a series of beds 
ot different ages, but which from our imperfect knowledge of the subject, can- 
not yet be separated; it includes all below the Chico Group. It contains fos- 
sils, seemingly representing ages from the Gault to the Neocomian, inclusive, 
and is found principally in the mountains west and northwest of the Sacra- 
mento Valley. Two or three of its characteristic fossils have been found in 


the vicinity of Monte Diablo.” ” 


It is evident that Whitney did not intend to include in the “Shasta 
group” any strata older than the lowest Neocomian (Cretaceous) beds 
found in California. That this was also Gabb’s intention is seen in the 
following statement. 

“For reasons which will be detailed in their proper place, I consider the group 
for which I here propose this name to be the equivalent, or at least the nearest 
representative of the Neocomian.” * 


We may, therefore, with advantage return to this original definition 
of the “Shasta group” and exclude from it, accordingly, all strata not 
coming within the scope of the definition. Furthermore, the adoption 
of this practice will have far-reaching results, particularly in the matter 
of correlation, since it seems probable that conditions at the beginning 
of Cretaceous time were much the same throughout the entire Pacific 
border of North America, or farther, owing to wide-spread diastrophism 
at this epoch. 

In earlier articles dealing with the Knoxville and Shasta deposits the 
author has employed the term group for each corresponding sequence, fol- 
lowing the practice of earlier writers. In view of the stratigraphic im- 
portance of each sequence, and of the fact, as will later appear, that they 
represent respectively distinct depositional and historical units, it seems 
advisable to give to each a higher taxinomie rank; accordingly, each is 
herein placed under the term series rather than group. This is in no 
sense an innovation, but is an adoption of the usage of such excellent au- 
thorities as Becker, Diller and Stanton, and Schuchert. The Shasta 
series ranks, accordingly, with the Comanchean series of mid-continent 
areas. 

The Knoxville series, first recognized as a distinct stratigraphic unit 
in the coast ranges of California by G. F. Becker, was defined by him 
and partially mapped in 1888 as including especially the later Mesozoic 
deposits that characterize the district about Knoxville, Napa County, in 


2J. D. Whitney : Paleontology, Calif. Geol. Survey, vol. 2, 1869, preface, p. XIV. 
3W. M. Gabb: Cretaceous and Tertiary Fossils, Calif. Geol. Survey, Paleontology, 
vol. 2, 1869, p. 129, footnote. 


} 
a 
ME 
: 
‘ 
fe 


1240 ¥F. M. ANDERSON—KNOXVILLE-SHASTA SUCCESSION 


a north to south zone. The name was also extended to include similar 
and contemporary deposits in other areas in California. Chiefly to 
Becker as senior geologist in the work done jointly with C. A. White, be- 
longs the credit for recognizing the distinctness of these deposits from 
those of the Shasta series earlier described by Gabb and Whitney. Quot- 
ing directly from Becker’s account of the type district of this series we 
read : 


“The Knoxville series—The area embraced in the detailed map contains 
fossils at a number of points, and the study of the district shows that all of 
the sedimentary beds are probably of the same age, belonging to one division, 
the lower, of the Shasta group of Messers Gabb and Whitney. As has been 
explained in Chapter V, it is advisable to consider this series as wholly distinct 
from the Shasta beds on the Cottonwood Creek, Shasta County. It is charac- 
teristically developed in the Knoxville district, where also it is the only series 
exposed, and Dr. White and I have therefore christened it the Knoxville 
group” 


As Becker’s account follows that of White, we may infer from his use 
of the name “Knoxville series” that he did not wholly agree with White’s 
determination. But whether or not this be true, it appears from later 
study of the field and of the subject that the major facts of both geology 
and geography show that the two series are distinct, and that their separa- 
tion as such is of prime advantage in the study of contemporary deposits 
throughout the Pacific Coast regions. In some localities the deposits 
of the two series form an apparently continuous sequence ; in others they 
do not; and for the mest part they occupy different areas in the coast 
ranges of California and in more remote regions of the coast. 


EvLper CREEK SECTION 


Probably the most complete and satisfactory field for the study of the 
Knoxville-Shasta series is in southwestern Tehama County, California, 
along Redbank, Elder, and McCarthy creeks. Each flows almost directly 
across the strike of the beds, exposing the entire succession. The section 
along Elder Creek was studied and partially described by Diller and Stan- 
ton ® in the early nineties. The succession exposed here was estimated 
at some 30,000 feet, divided in summary by these writers as: 


4G. F. Becker: Monograph U. S. Geol. Sury., no. 13, 1888, p. 271. 
5J. S. Diller and T. W. Stanton: The Shasta-Chico series. Bull. Geol. Soc. Am., vol. 
5, 1894, pp. 438-442. 
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Later, Stanton published a separate account,® in which he enumerated 
some 77 fossil invertebrates, more than 90 percent of which were found 
in the upper 3000 feet of the sequence. Such a large proportion of the 


67, W. Stanton: The Fauna of the Knoxville beds. U. S. Geol. Surv., Bull. 133, 1895, 
pp. 11-85. 


| & 
| 
2 
= 
| 
| ‘Gas 
Ps 
33 41) 36 a | 33, | 
KENTA | 
d 
: 


1242 =F. M. ANDERSON—-KNOXVILLE-SHASTA SUCCESSION 


fauna appearing in so small a part of the series caught the attention of 
students of paleontology in this and other countries. Although the ratio 
of species occurring in the upper and the lower portiors is now greatly 
altered, the faunal differences are of greater, rather than of less, im- 
portance. ‘The upper part of the succession is undoubtedly Lower Creta- 
ceous, whereas the lower part ranges down into the Upper Jurassic 
(Aquilonian and Portlandian). The Jurassic aspect of the lower por- 
tion was noted by Stanton, but the apparent conformity of the sequence 
persuaded him not to attempt their separation. 


McCarruy Creek District 


The best field for the study of the stratigraphic and faunal relations 
of the Knoxville and Shasta series lies south of Elder Creek, including 
especially the area between it and Toms Creek, and continuing south- 
ward for some 75 miles. The various features of the field are simple 
(figures 1 and 2) and differ in no essential respect from those of Elder 
Creek. No Upper Cretaceous (Chico) beds are present in the section, 
but they crop out a short distance to the north. In other respects, Mc- 
Carthy Creek offers many advantages over Elder Creek, in that the ex- 
posures are more continuous and the fossil zones more numerous. The 
major divisions of the sequence that seem most natural and accord better 
with the lithologic and faunal changes differ from those of earlier writers, 
but conform better with the standard divisions known in Europe and in 
other parts of the world. The corresponding lithologic variations accord 
better with the physiographic features of the district, as well as of the 
region, and this fact becomes more apparent when the several zones are 
followed southward from Toms Creek toward Wilbur Springs. 

McCarthy Creek offers the best opportunity yet found for a satisfac- 
tory traverse, because of its easy accessibility, its excellent exposures, and 
its frequent fossil-bearing zones. The strike of the strata is uniform, 
generally north and south, and the average dip is about 55 degrees to 
the east, although it is steeper in places, particularly near the base of the 
Knoxville. Only a few faults have been found, and the small aggregate 
displacement may be disregarded as being unimportant. In some places 
the Knoxville rests against the older rocks in fault contact, but this con- 
dition does not appear to be general. 

The total length of the traverse across the strata is approximately 614 
miles, the exposed beds being nearly 27,000 feet in thickness. This esti- 
mate does not include any Upper Cretaceous (Chico) beds but only those 
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of the Knoxville and the Shasta series, which are nearly represented as 
follows: 


It is possible that a more detailed study of the section may modify 
these figures slightly, but such modification will scarcely be toward a 
more equal division of the sequence. 

Notwithstanding the apparent stratigraphic continuity of the deposits 
in this and near-by localities, the belief that the entire succession formed 
a stratigraphic unit has not been held by many later investigators. Vari- 
ous writers have suggested possible subdivisions of the immense sequence, 
which is too great to be easily included in a single period of deposition. 
No such thickness of strata belonging to a single series is known on the 
West Coast, nor perhaps anywhere in North America. Even if no 
stratigraphic break could be detected in the sequence, its subdivision 
could be established upon paleontologic data, and this has usually been 
the basis suggested for its division. 

Many who have studied the faunas of the Knoxville-Shasta succes- 
sion have been impressed by the abrupt change from boreal to southern, 
or subtropical, conditions in passing from the lower to the upper portion 
of the so-called “Knoxville” beds. From lack of sufficient fossil and 
stratigraphic details no systematic division has hitherto been made, 
although it has often been suggested. Yet the line of demarcation be- 
tween the major series is clearly indicated in many places by an abrupt 
and extensive lithologic change, which is reflected in the topographic 
features of the foothill zone south of Elder Creek as far as Wilbur Springs. 
In these areas the line of juncture becomes conspicuous by the interpola- 
tion of thick beds of conglomerate at the boundary of the two series. 
These beds not only form a striking topographic feature, but they clearly 
initiate a new cycle of sedimentation, represented in a wide zone of hills 
that in their topographic contrast with the lower relief of the Knoxville 
series catch the attention at once. Knoxville strata underlie the floors 
of a chain of valleys fronting a still higher range of mountains of older 
rocks to the west. Topographic contrast in these parallel zones—moun- 
tains on the west formed of older rocks; valleys on the belt of the Knox- 
ville beds; and hills to the east, composed of Shasta beds—is impressive, 
but is readily explained on the basis of tectonic causes and lithologic 
changes. 
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DISTINCTNESS OF SERIES 


In nearly all the sections examined the line of division between the 
major series is roughly indicated in the topography, but is shown even 
more exactly in the abrupt lithologic changes in the sediments. More 
trustworthy data for the separation of these beds is found in the faunas 
and faunal changes. The fossil evidence, much of which is new, includes 
various classes of invertebrates, ceplialopods, pelecypods, and gastropods, 
many of which have already been described. Among the cephalopods are 
ammonites, ammonoids, and belemnites of characteristic and diagnostic 
types. There are also various fossil plant horizons above and below the 
boundary of the two series, the ages of which have already been deter- 
mined. The evidence from all sources is harmonious and in accord with 
the interpretation here given, except in minor details. 

The sudden appearance of great numbers of new forms of Mollusca 
in the “upper Knoxville,” near the middle of the succession, suggested 
some important diastrophic event at that time. Hyatt’s views’ regard- 
ing these were published as early as 1894, although he was not familiar 
with the field itself. In accord with the views of Russian geologists, he 
believed that the strata characterized by Aucella crassicollis and related 
forms were younger than those containing Aucella piochti and its allies. 
However, he was dissuaded by others from attempting a stratigraphic 
separation. 

In 1902, Anderson ® called attention to the abrupt appearance of a 
new fauna in the upper part of the so-called “Knoxville” series. He sug- 
gested the name, Paskenta, for the higher beds, without proposing a pre- 
Cretaceous age for the older part of the sequence. 

In 1907, the Russian paleontologist, Pavlow,® in reviewing the suc- 
cession of Aucellas and Aucellinas in the Cretaceous formations of Rus- 
sia, showed the unmistakable parallelism between the Russian and the 
Californian forms and suggested that the lower part of the Californian 
succession was of Aquilonian or Portlandian age, as are the similar beds 
in Russia. 

In 1909, J. Perrin Smith, in reviewing the geologic history of Cali- 
fornia, stated the case thus: 


7A. Hyatt: Trias and Jura in the Western States. Bull. Geol. Sor. Am., vol. 5, 1894, 
p. 404. 

8K. M. Anderson: Cretaceous Deposits of the Pacific Coast. Proc. Calif. Acad. Sci., 
3d ser., vol. 2, 1902, pp. 43-47. 

°A. P, Pavlow: Enchainement des Aucelles et Aucellines der Cretace Russe. Nouv. 
Mem. Soc. Imp. Nat. Moscow, vol. 17, 1907. 
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“The lower Knoxville beds contain a fauna closely related to the Mariposa, 
still with Jurassic types of Aucella, and with the same poverty of other animals. 
But the upper Knoxville beds, while still retaining reminiscences of the Boreal 
Region in Aucella and a few other forms, show a preponderance of life charac- 
teristic of more favorable conditions. Aucellas of more northerly habitat 
mingle with cephalopods that did not belong to the Boreal Region, and on the 
near-by land Cycads abounded. The line between Jurassic and Cretaceous 
should be drawn, not at the beginning of the Knoxville, but between the lower 
and upper Knoxville beds; the formér belonging to the Vortlandian and 
Aquilonian, while the latter belong to the Neocomian.” ” 


Among the valuable contributions to the subject is that of Knowlton.’* 
Basing his views primarily upon the character of the fossil floras in the 
later Mesozoic of California and Oregon, he divided the succession in 
nearly the same manner as is done here upon the basis of invertebrate 
faunas. In regard to this succession he says (p. 63) : 

“According to the plants the major portion of the great Knoxville section 
was deposited in Jurassic time, and the line should be drawn through the upper 
Knoxville at the highest point (about 2000 feet below the summit) at which 
the Jurassic flora occurs. This point corresponds very nearly with the upper 
limit of the range of Aucella piochii, which is acknowledged to be of Jurassic 
type.” 


The term “Knoxville” in Knowlton’s usage, as in that of other early 
writers, must be understood to include the lower part (Paskenta beds) 
of the Shasta series of the present paper. There are unmistakable evi- 
dences of unconformity between the upper and the lower portions of the 
succession. This unconformity appears not only in the conglomerates 
of the boundary beds already referred to, but also in the discrepancies 
in the geographic distribution of the upper and the lower beds. These 
portions of the sequence are here regarded as constituting distinct series 
of sediments, respectively called the Knoxville series and the Shasta 
series. 

KNOXVILLE SERIES 


GENERAL STATEMENT 


In the McCarthy Creek district all the strata that can properly be 
classed as Knoxville come within the lower 15,000 feet of the section and 
below the limits of the “Shasta group” as defined by Gabb and Whitney. 
At its base the Knoxville series begins at an evident unconformity, atready 


20 J. Perrin Smith: Salient Events in the geologic history of California. Science, vol. 
30, 1909, pp. 347-348. 

1F H. Knowlton: The Jurassic age of the “Jurassic Flora of Oregon.” Am. Jour. 
Sci., ser. 4, vol. 30, 1910, pp. 33-64. 
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Overturned hard shale, near base of Knoxville series, Redbank 
Creek, western Tehama County, California. (Photograph by A. I. 
Gregersen. ) 


Typical black shales, near middle of Knoxville series, Redbank 
Creek, western Tehama County, California. (Photograph by A. I. 
Gregersen.) 
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described by Diller.'* The underlying rocks include a variety of igneous, 
sedimentary, and metamorphic types, partly Paleozoic or older, partly 
early Mesozoic, perhaps embracing much of the so-called “Franciscan 
series.” In the McCarthy Creek section, greenstones form a large part 
of the basement complex, whereas in adjoining districts these are re- 
placed by serpentine (or peridotite). Resting unconformably upon this 
basement is a great succession of conglomerates, sandstones, and shales, 
some of which are sandy. In this district, shales form the predominating 
element in the Knoxville, making up as much as 75 percent of the whole. 
They contain scattered calcareous layers, or lenses, 6 to 12 inches thick. 
These are often fossiliferous, containing various species of Aucella and 
of other invertebrate fossils. Many fossil zones are interspersed through- 
out the series. Many of the species are undescribed, or, if described, are 
new to the Mesozoic of California. With each visit to the field new forms 
are discovered, and as the fauna increases it becomes more evident that 
the Knoxville series has little in common with the overlying Shasta series. 
The assemblages belong to distinct systems of deposits, separated by a 
pronounced revolution, faunal as well as physical, heretofore not fully 
recognized by students of geologic history in the West. This revolution 
is distinct from, and later than, the Nevadan revolution which closed the 
Mariposa epoch, and which has been referred to as the “Jurasside.” 

The identity of these lower beds in the McCarthy Creek district with 
the shales, sandstones, and conglomerates of the type district of the 
Knoxville series can hardly be doubted. Besides the lithologie and faunal 
similarity, and the similarity in their geologic relations, both above and 
below, the areal continuity can be traced from one district to the other 
without interruption. 


TYPE DISTRICT OF KNOXVILLE SERIES 


A visit to Knoxville and vicinity during 1932 by Olaf P. Jenkins and 
the writer resulted in the discovery, near the old Reed quicksilver mine, 
on the west border of Davis Creek, of unmetamorphosed conglomerates 
and shales, the latter containing well preserved examples of Aucella sol- 
last Pavlow. No metamorphism of the Knoxville beds was found in the 
district, although serpentine and other igneous rocks are conspicuous. At 
Knoxville itself the sandstones contain Aucella piochit Gabb, A. hyatti, 
A. stantoni, A. russiensis, and A. cf. trigonoides Pavlow. All these spe- 
cies, according to Pavlow, are found in the Portlandian or Aquilonian 


2J, S. Diller: Cretaceous and Early Tertiary of northern California and Oregon. 
Bull, Geol. Soc. Am., vol. 4, 1892, p. 218. 
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of Russia, and should occur in similar horizons in the Mesozoic of Cali- 
fornia. To the east of the Reed mine and of Knoxville, these beds are 
overlaid by sandstones of the Shasta series in great thickness, dipping 
eastward. The thickness of the Knoxville beds in this district has not 
been determined, but it can not be less than 6000 feet. However, it does 
not equal that along Redbank and McCarthy creeks, or that between Mc- 
Carthy Creek and Knoxville, estimated at 12,000 to 20,000 feet. The 
pebbles in the conglomerate at the Reed mine, as in other districts of the 
Knoxville, are interesting for the light they throw upon the geologic 
and physiographic conditions of the region prior to Knoxville time. 
For the most part, they consist of siliceous rocks, cherts, quartzites, and 
siliceous porphyrites, but they include no basic eruptives in any way 
resembling peridotites. Many of them are fractured, as if by pressure, 
and contain veinlets of silica or of pyrite. This mineralization was 
clearly subsequent to the lodgement of the pebbles in the conglomerates. 
No basement rocks of the classes they represent are found near, although 
they occur in abundance farther to the north, west of Stoney Creek, 
and at other places in the Klamath Mountains. Most of these pebbles 
must have been derived from Paleozoic formations or from early Meso- 
zoic (Triassic) terrains. 
MOUNT DIABLO DISTRICT 

Knoxville beds occur along the northern base of Mount Diablo, as 
described by Turner.’* They consist chiefly of dark clay shales, with 
lenticular beds of limestone near the base, as at McCarthy and Elder 
creeks. Their thickness appears to be at least 4000 feet, and it may be 
more. On the west branch of Bagley (Donner) Creek a thin bed of 
limestone yielded the following species: 

Aucella piochii Gabb Aucella stantoni Pavlow 


Aucella hyatti Pavlow Aucella russiensis Pavlow 
? Aucella attenuata n. sp. 


Turner mentions Aucella sp. and Belemnites sp. as occurring on the 
west slope of the mountain where recently J. A. Taff has obtained good 
examples of Auceila piochii at a number of points. Gabb also men- 
tioned Belemnites impressus Gabb, as having been found near Mount 
Diablo. This species belongs only to the Shasta series, and as this series 
occurs on the west slope of the mountain containing this and other charac- 
teristic Shasta species, it may be that Gabb found them here. In lime- 
stone boulders buried in basal conglomerates of the Shasta series at this 


13 4{, W. Turner: The geology of Mount Diablo, California. Bull. Geol. Soc. Am., vol. 
2, 1891. pp. 224-402. 
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point there are numerous examples of Aucella piochi and other Knoxville 
species. There is no satisfactory record of the association of Knoxville 
and Shasta species at any place in California in any other manner than 


as shown here. 
McCARTHY CREEK SECTION 


The stratigraphic details and the positions of fossil zones shown in 
the profile along McCarthy Creek (figure 1) are based upon pace trav- 
erses, checked by the land survey and by an automobile traverse along 
the entire line. The total length of the section is approximately 614 
miles. The beds strike nearly north and south, and the dip is eastward 
at an average angle of 55 degrees. The estimated thickness of the strata 
is nearly 27,000 feet, excluding later Cretaceous (Chico) beds. 

Important fossil-bearing zones (28 in number) are indicated by let- 
ters. Of these, 15 pertain to the Shasta division (Cretaceous), and the 
others are Knoxville (Jurassic). Not all the fossil-bearing zones are 
shown, and the evidence is, therefore, incomplete. 

Many of the fossils and some of the fossil zones were described by 
Stanton,‘ namely, those occurring along and to the south of Elder Creek, 
but most of the details of the section were omitted. The fuller discussion 
of the fossil species occurring in the section, and in the district near it, 
is reserved for a future time, and for a more systematic treatment, than 
can be given here. 

Zone B is at the base of the section at the head of McCarthy Creek, 
where the strata are much disturbed and partly overturned. Here, they 
are somewhat altered, and hardened, although not to the extent of being 
metamorphosed. In nearby areas they are less disturbed, and show less 
alteration at the base of the series. 

Zone B, is represented by a locality a few miles north of McCarthy 
Creek on the N. W. 4 Sec. 35, T. 25 N., R. 7 W., and stratigraphically 
within 1200 feet of the base of the series. Here were obtained the fol- 
lowing species of Aucella: 


Aucella gabbi Pavlow Aucella hyatti Pavlow 
Aucella stantoni Pavlow Aucella cf. abbreviata Pavlow 
? Aucella sollasi Pavlow 


Upward range of these species is not known. It is not thought that 
this is the lowest fossil-bearing horizon, nor that the list is exhaustive 
for this locality. 


“4 T, W. Stanton: The fauna of the Knoxville beds. U. S. Geol. Survey. Bull. 133, 
1895, pp. 11-85. 
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Zone ©, is represented by a locality not far distant from the preceding, 
but within 2000 feet of the base of the series. It has yielded the fol- 
lowing: 


Aucella sollasi Pavlow Aucella hyatti Pavlow 


According to Pavlow all the preceding species occur in the middle Port- 
landian, especially in the zone of Virgatites virgatus, in the Upper Juras- 
sic of Russia. 

Zone D is represented by a conglomerate that extends north from Mc- 
Carthy Creek, in which has been found Aucella stantoni Pavlow. Pebbles 
of this conglomerate consist, for the most part, of siliceous cherts, quart- 
zites, and other metamorphic rocks not found in situ in the immediate 
vicinity, although they occur abundantly some miles to the west. 

Zone D, includes a locality near Elder Creek, which, according to 
Stanton, is within 5000 feet of the base of the series. From this zone 
he reports Aucella piochii as occurring in great abundance. 

Zone E is a zone of minor faulting. 

Zone E, extends along Blue Canyon and southward beyond the South 
Fork of Elder Creek, crossing the east border of Sec. 36, T. 25 N., R. 7 W. 
and adjoining sections north and south. It lies some 8200 feet above the 
base of the series. In addition to various types of fossil wood it has 
vielded the following invertebrate species: 


Aucella hyatti Pavlow Aucella stantoni Pavlow 
Aucella abbreviata Pavlow Aucella attenuata n. sp. 
Aucella russiensis Pavlow Aucella tenuicollis Pavlow 


The new species, Aucella attenuata, is narrow and elongated, recalling, 
by its form and sculpture, A ucella linguiformis Meek. 

From this horizon, apparently at Blue Canyon or south of it, Stanton 
obtained 7° numerous species of invertebrates, including: 


Hoplites storrsi Stanton Phylloceras knoagvillense Stanton 


and a little higher in the section Perisphinctes sp. 

In describing Hoplites storrsi, Stanton compared it with Upper Jurassic 
(Tithonian) forms in Europe and Mexico. The species of Aucella listed 
above, according to Pavlow, are referable to the middle Portlandian in the 
Russian column. Stanton says: 


“In the overlying shales, about 1000 feet above the horizon of Hoplites storrsi, 
Aucelli piochit var. ovatus and Belemnites tehamaensis are abundant.” * 


uT. W. Stanton: Op. cit., p. 15. 
1% T, W. Stanton: Op. cit., p. 61. Idem, p. 85. 
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Aucella “variety” referred to appears to be identical with Aucella 
russiensis Paviow which belongs to the middle Portlandian of the Russian 
column. We should expect to find it in the same horizon in California. 
In Stanton’s description of Belemnites tehamaensis, he says: 

“There is a related species (B. inequalateralis Eich.) in the National Museum 
from the Aucella-bearing beds of Herendeen Bay, Alaska, and similar forms 
occur in the upper Jurassic of Europe, such as B. obeliscoides Pavlow.” * 

The Aucella-bearing beds of Herendeen Bay referred to seem to include 
Upper Jurassic (Port!andian) strata, as well as some of early Cretaeous 
age, equivalent in part to the power beds of the Shasta series. 

Zone H, is represented by a locality near the Oakes house, a short 
distance east of Blue Canyon, from which were obtained the following: 

Aucella fischeri d’Orbigny Aucella sp. 
Cylindroteuthis tehamaensis (Stanton) 
The same zone is found also near the Cooper house on the south fork of 
Elder Creek and farther south. 

Zone I includes a calcareous bed on upper McCarthy Creek, which has 
yielded the following: 

Aucella lahusenit Pavlow Cylindroteuthis tehamaensis Stanton 
Aucella terebratuloides Lahusen, var. regularis 

A little higher in the section were found Awcella terebratuloides, var. 
regularis and other forms. 

Zone I, is represented by a locality some miles south of Toms Creek, 
about 6 miles north of Winslow, western Glenn County. It has yielded 
the following forms: 


Aucella fischeri d’Orbigny Aucella hyatti Pavlow 

Aucella subinflata Pavlow Aucella tenuicollis Pavlow 

Aucella russiensis Pavlow Perisphinctes sp. Crioceras sp. 
Phylloceras knogrvillense Stanton Cylindroteuthis tehamaensis Stanton 


Cylindroteuthis knoxvillensis n. sp. Cylindroteuthis glennensis n. sp. 
Cylindroteuthis porrectiformis n. sp. Cylindroteuthis sp. 


All the species of Cylindroteuthis in this list are of European types 
found in the Upper Jurassic of England or Russia. The Awcella species 
in the list are all included by Pavlow in the middle Portlandian of Russia, 
and should represent the same horizon in California. 

Zone I, is about 9200 feet above the base of the Knoxville series to the 
west, and not less than 2500 feet below its contact with the basal beds of 
the Shasta series to the east. 


“wT, W. Stanton: Op. cit., p. 85. 
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Zone J is a calcareous bed outcropping on upper McCarthy Creek, con- 
taining fragments of fossil wood (some of it carbonized), and the follow- 
ing invertebrate forms: 


Aucella terebratuloides Lahusen Aucella tenuicollis Pavlow 


Zone J, is a plant horizon not far above the preceding zone. It is simi- 
lar to, if not identical with, the horizon described by Stanton ** as being 
13,000 feet above the base of the Knoxville. Apparently the same zone 
was later described by Diller '® as occurring on McCarthy Creek, 2 miles 
west of the Paskenta-Lowry road. The plants obtained by Diller were 
determined by Knowlton,?° who referred them to a Lower Cretaceous 
horizon, although in an earlier paper he admits that: 

“There are several of the forms not specifically named, as pointed out under 
the above lists, that appear to have their closest affinities with Jurassic spe- 
cies.” 

Zone K, just north of the Henderson house, includes the highest beds 
of the Knoxville from which fossils were obtained on McCarthy Creek. 
Here, in a concretionary layer, were found 
Aucella fischeri d’Orbigny Aucella russiensis Pavlow 


and other forms. A thin bed of lignite has been found near this point, 
and fragments of wood, partly carbonized, are abundant. 

A locality 3 miles northwest of Paskenta, often referred to by Stan- 
ton,”? is, by its position and fauna, referable to the lower part of the 
Shasta series, as here understood, and appears to belong only a little 
above Zone K. This may be known as Zone K,. Some of the forms 
figured by him are said to be of Upper Jurassic aspect, but none of them 
has been found in the underlying Knoxville beds. These facts will be 
more clearly brought out later in the discussion of the Shasta series. 


FAUNA OF KNOXVILLE SERIES 


As interpreted, the Knoxville series has a fauna of not more than 40 
known species of invertebrates, although among these are a number of 
new forms, some of which are not mentioned here. Pavlow enumerates 
11 species of Aucella, but a greater number is now known, possibly as 
many as 18. Species of Aucella form the dominant element of the fauna, 


W. Stanton: Op. ecit.. p. 15. 
2% J. S. Diller: Strata containing the Jurassic flora of Oregon. Bull. Geol. Soc. Am., 
vol. 19. 1908, p, 285. 
2 FF. H. Knowlton: Op. cit.. p. 55. 
2F. H. Knowlton: In Diller, op. cit., p. 386. 
2T. W. Stanton: Op. cit., p. 16. 
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and according to Pavlow, are sufficiently diagnostic for determination of 
horizons. Other genera are common, some species having been described 
by Stanton. Among the more characteristic cephalopod forms are 


Phylloceras knogvillense Stanton “Hoplites” storrst Stanton 

“Hoplites’ dilleri Stanton Perisphinctes sp. 

Aptychus? knogvillensis Stanton Cylinodroteuthis tehamaensis (Stanton) 
Cylindroteuthis clavicula n. sp. Cylindroteuthis glennensis n. sp. 


Cylindroteuthis knogvillensis n. sp. Cylindroteuthis berryessae n. sp. 
Cylindroteuthis porrectiformis n. sp. Cylindroteuthis sp. 

The Aucella species show a range in this series from middle Portlandian 
to upper Aquilonian. According to Stanton, the fauna is closely allied 
to that of the Aucella-bearing beds of Catorce, Mexico. As here re- 
stricted, the Knoxville fauna agrees more nearly with that portion of the 
Catorce section lying below the Neocomian. 

Comparison with the Jurassic faunas of Alaska does not reveal close 
relationship; whereas, the agreement with the Portlandian and Aqui- 
lonian faunas of Russia is close, as shown by Pavlow and others. 

It has been generally believed that the Knoxville faunas of the Pacific 
coast are boreal in character, and this view is particularly applicable to 
the Knoxville, as here restricted, being especially evident in the species 
of Aucella, although, perhaps, less evident in other forms. In the suc- 
ceeding Shasta series the fauna is greatly altered, containing different 
species of Aucella, and these are soon replaced by a fauna of other genera 
bearing a southern or subtropical aspect. 


AGE OF KNOXVILLE SERIES 


The Upper Jurassic age (Portlandian and Aquilonian) of the Knox- 
ville series, as shown by its fauna, was recognized by Hyatt, Pavlow, 
Smith, and others. Both Stanton and Pavlow, by whom most of the 
species from these beds have been described, agree in laying stress upon 
their Jurassic aspect. The floras described from the Knoxville series 
seem capable of the same interpretation, and may be regarded as definitely 
Upper Jurassic, as stated in the discussion of the subject by Knowl- 
ton.** It is interesting to note, however, that most of the localities that 
have supplied the “Jurassic Flora of Oregon,” first described by Ward 
and Fontaine,” and later discussed by Diller and Knowlton, belong to 
horizons that may be, in part, Knoxville, but, in part, are younger. Never- 


21, H. Knowlton: The Jurassic age of the “Jurassic flora of Oregon.” Am. Jour. 
Sci., vol. 30, 1910, pp. 33-64. 

*L. F, Ward and W. M. Fontaine: Mesozoic floras of the United States. U. S. Geol. 
Surv.. Mon. 48, 1905. p. 140. 
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theless, their evidence goes toward establishing the Jurassic age of the 
Knoxville series, as here restricted. The same may be said concerning 
some localities in California; namely, on the western border of the Great 
Valley. Although some of the localities that lie beyond the limits of 
the Great Valley (Big Bar, Trinity County, California, and Elk River, 
Jurry County, Oregon) seem to belong to the Shasta series, rather than 
lower, yet their floras show a decided Jurassic aspect. However, the 
faunas and floras of the Knoxville scries afford only a part of the evidence 
of its Jurassic age. Since this series lies below the lowest beds that 
can be assigned to the Cretaceous system, even if the sequence could be 
proved to be conformable throughout, its lower portion would still be 
pre-Cretaceous, and therefore Jurassic. It may here be remarked that 
the 13,820 feet of the Knoxville series exposed in the McCarthy Creek 
section exceeds in thickness any other known sequence of Jurassic strata 
on the West Coast, not excepting Alaska. ~ 
DISTRIBUTION OF KNOXVILLE SERIES 

From Elder Creek the Knoxville beds were followed north for a con- 
siderable distance along the east flank of. the coast ranges. A traverse 
along Redbank Creek by A. I. Gregersen and R. W. Burger in 1932 re- 
sulted in the discovery of a few fossils and the recognition of some horizons 
belonging to this series. Farther north the series thins rapidly, no doubt 
owing to an overlap by the Shasta series, but it has not yet been recognized 
as far north as Beegum Creek. North of Elder Creek the beds become 
more sandy, and their basal portion is much disturbed. 

Knoxville beds are not definitely known to occur farther north or 
farther west than the Cold Fork of Cottonwood Creek, although they 
have been thought to do so by some. Certain Aucella-bearing or plant- 
bearing beds in Trinity County (Big Bar, Rattlesnake Creek) have been 
referred to the Knoxville, and to Jurassic horizons, but the evidence 
afforded by their invertebrate faunas indicates connection with the Shasta 
series, 

To the south of McCarthy Creek, Knoxville beds have been followed 
continuously along the eastern foothills of the higher range to Wilbur 
Springs, Colusa County, and from there westward into Lake County, and 
south to the type locality, Knoxville. Between Clear Lake and Knox- 
ville, Aucella-bearing beds crop out at a number of places, such as north 
of Morgan Valley. The same beds with characteristic fossils have been 
recognized about Pope Valley, Berryessa Valley, Chiles Valley, and 
farther to the south. They occur also on the east border of the Santa 
Clara Valley and in the Berkeley hills. Their occurrence at Mount 
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Diablo has already been noted. In the Diablo Range they have been 
definitely recognized as far south as near Pacheco Pass, where Aucella 
stantoni Pavlow has been found in great abundance. The same beds seem 
to occur west of the Vallecitos, and are reported west of Coalinga. Simi- 
lar beds are said to occur near Santa Margarita, near San Luis Obispo,”* 
and in the mountains to the north of Santa Maria,?* and in the Santa 
Inez Range. Still farther south they are reported f:om the district west 
of the San Fernando Valley ** and by Mexican geologists in Lower Cali- 
fornia. 

In most, if not in all, places where Knoxville beds occur in the Coast 
Ranges of California and Oregon, they lie upon the landward, or eastern, 
side of older mountain areas, from which they dip away toward the east. 
This is the case in the Great Valley of California, and in other areas 
farther south. In many places where the basal beds of the Knoxville 
are exposed, they contain conglomerates, the position, attitude, and mate- 
rials of which indicate that the areas of origin lay to the west. These 
deposits belong, therefore, to land-locked basins of deposition, from 
which, no doubt, there were outlets to the open sea to the west. In this 
respect the Knoxville deposits are not unlike other, older Jurassic deposits 
in California, as, for example, the Mariposa beds and those of the Mount 
Jura region, but recognition of this fact has not heretofore been accorded 
the Knoxville series. The extent of the land areas that lay to the west 
of these marine deposits is not known, but it should have been com- 
mensurate with the masses of the Knoxville deposits themselves, and of 
the overlying Shasta deposits, so they were probably very great. 


Suasta SERIES 
GENERAL STATEMENT 

The Shasta series is best known, thickest, and most fossiliferous in the 
areas of Cottonwood Creek and its tributaries, especially in Shasta 
County. Its thickness here varies from 12,000 to nearly 18,000 feet, or 
even more. North of the middle fork of Cottonwood Creek, fossil zones 
are more frequent than to the south, but in all parts of the area they are 
sufficiently numerous for stratigraphic determination. This area pre- 
sents various problems, not discussed here, which will be taken up at a 
later date. 

In the district south of Redbank Creek the Shasta series is underlaid 
by Knoxville beds. Here, it has a thickness of at least 13,000 feet, and, 


%* H. W. Fairbanks: U. S. Geol. Surv.. San Luis Folio, 1904. 

2C, H. Crickmay: A new Jurassic ammonite from the coast ranges of California. 
Am. Midland Naturalist, vol. 123, 1932, pp. 1-7. 

27 J. R. Pemberton: (Oral communication). 
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as in the Cottonwood sections, yields distinctively Cretaceous fossils, 
representing horizons ranging from Infra-Valanginian to lower Albian. 
Between Redbank Creek and Toms Creek the major part of the series 
consists of shales, of prevailingly dark color and fine texture, with only 
occasional calcareous layers, which are usually fossiliferous. The lower 
portion of the Shasta series (2000-2200 feet) is more sandy than the 
upper portion, and carries a distinctive fauna not found above. 


STRATIGRAPHIC RELATIONS 


Stratigraphic relations of the Shasta series have hitherto been little 
understood. It has been generally believed that the entire succession, 
from the lowest Knoxville to the top of the Horsetown beds, formed a 
continuous, conformable sequence. This condition is apparent only 
locally, and in a wider regional study this view can not be maintained. 
When followed along their strike, the basal beds of the Shasta series show 
indisputable evidence of being unconformable upon the beds beneath. 
The basal beds, cropping out along the eastern side of the valleys between 
Paskenta and Stoneyford, include an almost continuous line of conglom- 
erates, more correctly described as a succession of lenticular bodies of 
conglomerates. They appear not to rest everywhere upon the same hori- 
zon of the underlying Knoxville, and farther south seem to overlap to- 
ward the west, as about Morgan Valley. In many places these con- 
glomerates contain a distinctively Shastan fauna and with it, in some 
places, much transported material whose origin can be traced directly 
to the underlying Knoxville beds. This material consists of blocks of 
sandstone and hardened shale, silicified wood buried among boulders and 
cobblestones, and rounded blocks of limestone often filled with well pre- 


EXPLANATION OF PLATE 63 


Figure 1.—Shows blocks of white limestone containing numerous Knoxville 
Aucella of the A. piochii group, embedded in the Shasta conglom- 
erate. Smaller pebbles consist of various classes of rocks derived 
from Knoxville and pre-Knoxville formations. 


Figure 2.—Shows (at left, near point of pick) Belemnites impressus Gabb, a 
Shasta species, embedded in matrix of the conglomerate. At the 
right is another example of a Shasta Belemnite, and above, a 
large block of silicified wood, transported from neighboring Knox- 
ville beds and buried in the conglomerate. (Photographs by Olaf 
P. Jenkins, at adjacent points, two miles south of Newville, west- 
ern Glenn County, California.) 
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served Aucellas characteristic of the Knoxville beds. That this material 
has been transported from older beds to its present resting place hardly 
admits of dispute. Some of this material is shown in Plate 63. 

Northward, beyond Redbank Creek, the overlap of the Shasta (Pas- 
kenta) beds across the zone of the Knoxville series becomes even more 
evident. This overlap carries the Paskenta beds far west of the known 
limits of the Knoxville (as at Big Bar, Trinity County), and to other 
localities in which they rest directly upon the pre-Knoxville basement 
rocks. 

The highest exposed beds of the Shasta series in the McCarthy Creek 
section are overlaid by Tertiary (? Pliocene) tuffs of the Tehama forma- 
tion. North of McCarthy Creek the Shasta beds are overlaid uncon- 
formably by Chico beds, usually with a basal conglomerate. This is the 
condition on Elder Creek, where the Chico beds show a thickness of 
nearly 4000 feet. In western Glenn County, between Elk Creek and 
the Sacramento Valley, the lower Chico (upper Albian) beds overlap 
the Shasta series with evident unconformity, marked by heavy beds of 
basal conglomerate. This relationship is found at many places in the 
Coast Ranges between Cottonwood Creek, Shasta County, and the Santa 
Ynez Range, Santa Barbara County. 


DIVISIONS OF THE SHASTA SERIES 


Although no stratigraphic break in the Shasta series has been found 
in the McCarthy Creek district, such break seems to be indicated in the 
drainage of Cottonwood Creek by a somewhat continuous line of con- 
glomerates, traceable for more than 30 miles. This zone, marked in 
some places only by coarse detrital beds, begins to the east of Ono, crosses 
the north fork of the Cottonwood at the bridge near Ono, extends south 
to the middle fork, merges into coarse detrital beds on Dry Creek, and 
seems to be represented by coarse conglomerates on the Cold Fork of Cot- 
tonwood Creek, Tehama County. 

In the district south of Elder Creek the series may be divided upon 
paleontologic grounds, as was done by Stanton, whose point of division 
here corresponds closely with that in the Cottonwood sections. In the 
McCarthy Creek section these divisions have the following proportions: 


Although White ** first used the term Horsetown, and apparently ap- 
plied it to all the strata here placed in the Shasta series, it seems best to 


°C, A, White: The Shasta Group. U. S. Geol. Survey, Bull. 15, 1885. p. 19. 
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restrict it in accordance with the interpretation given by Stanton.” 
although the criteria employed here in fixing its lower limits are not 
quite those mentioned by him. The point of division in the Cottonwood 
sections is placed a little below the zone of Crioceras whitneyi n. sp. at 
the line of conglomerate mentioned above. In the Bald Hills this con- 
glomerate lies some 1000 feet below a zone characterized by species of 
Parahoplites, some of which are related to P. weisst Neumayr and Uhlig, 
and others related to P. uhligi Anthula. In the McCarthy Creek section 
Crioceras whitneyi has not been found, but the lower limit of the Horse- 
town beds can be approximated from the known occurrence and position 
of Parahoplites cf. weissi Neumayr and Uhlig. In the same horizon a 
little farther south P. ef. uhligi Anthula has been found. 

The Paskenta beds make up the lower part of the Shasta series: The 
name was first suggested for these beds many years ago in the belief that 
they belonged in the Knoxville series, but it is now known that they can 
not be so regarded. They range in age from the highest Valanginian 
horizon down to and including the Infra-Valanginian (Berriasian). In 
the McCarthy Creek district their most characteristic faunal element con- 
sists of various species of heavy-shelled Aucella. With one or two pos- 
sible exceptions these are not known in the underlying Knoxville series, 
appearing rather suddenly at the base of the Paskenta beds. The lower 
2000 feet of these beds is here characterized by species related to Aucella 
crassicollis Keyserling, although this species itself is somewhat rare. 
The following zones are recognizable in this district: 

Zone K,, is represented by the locality 3 miles northwest of Paskenta, 
often referred to by Stanton as being upper Knoxville. 

Zone 1, represents the next fossiliferous beds of the Paskenta, within 
a few hundred feet of its base. Among its characteristic species are: 


Aucella inflata Toula Aucella uncitoides Pavlow 
Aucella keyserlingi Lahusen Aucella cf. crassicollis Keyserling 
Aucella piriformis Lahusen Bochianites paskentaensis n. sp. 


About 1770 feet above the base of the Paskenta beds appears a still 
more distinctively Cretaceous horizon designated as Zone M in the sec- 
tion. In this zone the following species have been found: 


Aucella crassa Pavlow ° Aucella keyserlingi Lahusen 
Aucella solida Pavlow Aucella cf. crassicollis Keyserling 
Aucella terebratuloides Lahusen Neocomites stippii n. sp. 


Lytoceras (group of L. batesi Trask) Acroteuthis impressus (Gabb) 


»T. W. Stanton: Op. cit. 
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It was apparently from this horizon that Stanton reported “Desmo- 
ceras” californicum, “Hoplites” crassiplicatus and other Cretaceous types. 
The horizon of “Simbirskites’ mutabilis Stanton is near this zone, if not 
within it. 

The lower part of the Paskenta beds, zones K, to M, inclusive, repre- 
sents the so-called “Aucella crassicollis zone” of Diller *° and others. It 
constitutes the lowest part of the Shasta series and of the Cretaceous por- 
tion of the succession. Lithologically, these beds are much more sandy 
than the underlying Knoxville beds, although, here, there is little other 
physical evidence of a stratigraphic break such as is found a few miles 
south in the conglomerates already noted. The lower beds of the Shasta 
series, with Aucella inflata, Aucella uncitoides, etc., may represent the 
Infra-Valanginian, as known in Europe, whereas, zone M, with Steuero- 
ceras jenkinst, Lytoceras sp. etc., fits more nearly into the lower Valin- 
ginian of Kilian, of Pavlow, and perhaps of Spath. Not far from Zone M, 
possibly below it, belongs Zone M, near the Wilcox and the Shelton 
ranches. Here, at the top of some 1200 feet of shaly sandstone, similar 
to the lower Paskenta beds on McCarthy Creek, were found the following 


characteristic species : 


Aucella crassa Pavlow Aucella crassicollis Keyserling 
Aucella solida Pavlow Bochianites paskentaensis n. sp. 
“Simbirskites” mutabilis Stanton Craspedodiscus sp. 


This zone is referred by Spath * to the top of the Infra-Valanginian ; 
that is, to the zone of Craspedites stenomphalus. 

Zone N lies about 3100 feet above the base of the Paskenta beds in the 
McCarthy Creek section. It is a plant horizon containing numerous 
fragments of partly carbonized wood and ieaves, and with them the fol- 
lowing invertebrate species: 


Steueroceras jenkinsi n. sp. Steueroceras cf. 8. intercostatum Steuer 
Astieria cf. astieri d’Orbigny Thurmannia cf. chicoensis Weaver 
Aucella cf. nuciformis Pavlow Aucella terebratuloides Lahusen 


Steueroceras jenkinsi of the foregoing list resembles in its form and 
ornamentation S. permulticostatum (Steuer) in the lower Cretaceous of 
the Argentine Andes. This zone appears to represent the middle Valan- 
ginian of Gerth, and this position seems to accord here with the evidence 
from underlying beds, although the species of Thurmannia may be re- 


% J. S. Diller and T. W. Stanton: The Shasta-Chico series. Bull. Geol. Soc, Am., vol. 
5. 1894, pp. 428-442. 

3. F, Spath: On the ammonites of the Speeton clay, and subdivisions of the Neo- 
comian. Geol. Magazine, vol. 61, 1924, pl. opp. p. 80. 


> 


1260 F. M. ANDERSON—-KNOXVILLE-SHASTA SUCCESSION 


garded as somewhat higher. The presence of southern forms in these 
beds is noteworthy. 

Above the Aucella crassicollis zone the beds become less sandy, and 
calcareous layers are less frequent. About 1000 feet above the beds con- 
taining Steueroceras jenkinst the strata become shaly, and continue so 
to the top of the section. 

Zone O is represented by about 60 feet of dark shale containing 


Lytoceras (group of L. batesi Trask) Aucella terebratuloides Lahusen 


Zone P is a plant horizon with well preserved cycad leaves. 

Zone B-H represents the base of the Horsetown beds in this section. 

As nearly as can be determined zone B-H, by its position and con- 
tiguous faunas, conforms to the interpretation of the Horsetown beds by 
Stanton. Overlying beds have yielded two or more species of Parahop- 
lites, one nearly related to P. weissi Neumayr and Uhlig. 

On McCarthy Creek the highest exposed beds of the Horsetown have 
yielded Aucella terebratuloides (?) and Phylloceras theresae n. sp., the 
latter belonging near the lower limit of Albian strata in the Cottonwood 
section. In the Cottonwood sections, Aucella species have been found 
only in lower Horsetown strata, and this is true in other Pacific Coast 
sections. 

FAUNA OF THE PASKENTA BEDS 

In the Paskenta beds of western Tehama and Shasta counties, between 
Toms Creek and the north fork of Cottonwood Creek, no less than 90 
species of marine Mollusca have been found, only a few of which are 
mentioned above. This number includes most of those listed by Stanton 
from the Cold Fork of Cottonwood Creek as occurring with Aucella cras- 
sicollis, ete. In summary these forms are included in the following 
classes : 


In the McCarthy Creek district the lower 2000 feet of the Paskenta 
beds are characterized by species of Aucella of the heavy-shelled types. 
These forms appear suddenly and increase rapidly in number and variety 
through more than 1800 feet of strata. 

Above the lower 1300 feet appear most of the cephalopods given in the 
preceding lists. In the Cottonwood sections the lower portion of the 
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Paskenta beds are, for the most part, barren of fossils, but in the higher 
portion are found various upper Valanginian types of Mollusca, such as 
three or more species of Polyptychites, one of Simbirskites, one of Cras- 
pedodiscus, two of Lytoceras, two of Ancyloceras, and one each of Acro- 
teuthis and Conoteuthis. 

In contrast with the boreal aspect of the Knoxville fauna, the south- 
ern, or subtropical, character of the Paskenta fauna, in its middle and 
upper parts, is seen in the cephalopods of Argentine types. The abrupt 
change in the types of Aucella species at the base of the formation, and 
the sudden change in the lithology, all imply physiographic changes of 
great moment. A little later the equally abrupt disappearance of 
Aucella, following the epoch of cephalopod invasion, points to an equally 
significant change. 

Whether the near disappearance of Aucella at this time was due to an 
invasion of aggressive carnivorous cephalopods, or to changes in ocean 
currents and temperature, or to combined causes, is conjectural. It is 
certain, however, that the faunal changes were great, and it is probable 
that they were primarily due to widespread earth movements (diastro- 
phism) that seem to have affected the entire west coast of North America, 
if not of both the American continents. 

In the upper part of the Paskenta beds, above the Aucella crassicollis 
zone, of the McCarthy Creek district, the number of cephalopod species 
rapidly decreases, as though they too had died out with the disappearance 
of Aucella, a natural result if the food of such cephalopods had been 
exclusively Aucella. It may be noted, also, that in those areas of Pas- 
kenta beds (Shasta County, ete.) where Aucella has not been found, some 
of the genera of cephalopods are also absent. 


HORSETOWN BEDS 


The later portion of the Shasta series is made up of strata assigned 
to Horsetown beds by Stanton, who estimated their thickness at about 
6000 feet. The writer’s estimate of 7660 feet is not excessive; the dis- 
crepancy may be due to a difference in interpretation of the strata at the 
top of the section. The presence of Aucella terebratuloides and Phyllo- 
ceras theresae n. sp., hardly allows these beds to be placed in the Chico 
group, or above the upper Horsetown. 

No sharp line separates the Paskenta from the Horsetown beds in the 
McCarthy Creek district, and the point of division can only be approxi- 
mated from indirect evidence. This approximation is reached from the 
known occurrence of species of Parahoplites. This horizon has been iden- 
tified as far south as near Wilbur Springs, western Colusa County. Above 
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this horizon are other zones characterized by various species of Ammo- 
nites, Ammonoids, Belemenites and other forms, mostly of Aptian age. A 
notable feature of the Horsetown beds in the McCarthy Creek district 
is the almost complete disappearance of Aucella, whereas in the Cotton- 
wood sections Aucella has been found only in the Horsetown beds. In 
other places, as on Graham Island, British Columbia, the genus occurs 
in equivalents of the lower Horsetown beds. 

In part, the fauna of the Horsetown beds may be regarded as derived 
from that of the Paskenta beds, but in addition to these it contains a 
number of cephalopods of European aspect, and others that may have 
been derived from Argentine, or even from Australian sources. The 
cephalopod species now known from the Horsetown number no less than 
80, more than 60 percent of which are peculiar to these beds. Most of 
the cephalopods are Ammonites, and these increase rapidly in number 
and variety from the upper Hauterivian horizons up to the middle Albian. 
Other classes of Mollusca are not numerous, and echinoids are almost 
absent. 

In the Cottonwood sections the base of the Horsetown division is here 
placed at the line of conglomerates already mentioned. These beds are 
not well supplied with diagnostic fossils, but somewhat higher they be- 
come more numerous. Among the few belonging to its lower part are 
the following: 


Phylloceras cf. infundibulum @’Orbigny Crioceras sp. 
Acroteuthis onoensis n. sp. Inoceramus ovatoides n. sp. 


Somewhat higher appear such bizarre forms as 


Crioceras whitneyi n. sp. Crioceras stentor n. sp. 
Ancyloceras elephas n. sp. Ancyloceras ajar n. sp. 
Ancyloceras atrox n. sp. Ancyloceras starrkingi n. sp. 


The richness of the Horsetown faunas call for special treatment that 
can not be attempted at this time. 


DISTRIBUTION OF SHASTA SERIES 


It is too early to give with much confidence the geographic distribution 
of the deposits assignable to the Shasta series, since they have not hitherto 
been segregated from the so-called “Knoxville.” Until occurrences of 
these supposed “Knoxville” strata have been reviewed in the light of the 
better known sections of the later Mesozoic succession in California, little 
can be said regarding the distribution of either Knoxville or Shasta strata 
bevond the limits of the Sacramento Valley. However, strata of the 
Shasta series seem to be as widely distributed in California as are those 
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of the Knoxville. In southern Oregon the same is probably true; whereas, 
in British Columbia and in Alaska, they seem to have been shown 
where no deposits of Knoxville age have been proved. It may be that 
in many places, due to overlap, the latter have been covered by beds of 
the Shasta series. From the McCarthy Creek district the Shasta beds 
have been followed northward to Cold Fork, Middle Fork, and North 
Fork of Cottonwood Creek, and from there westward far into Trinity . 
County, and thus, far beyond the geographic limits of the Knoxville. 
These outlying areas of the Shasta beds do not all represent the basal 
portion (Paskenta) of the Shasta series, but show a wide transgression 
of the Shastan sea upon pre-Knoxville rocks, as is the case even in the 
Sacramento Valley. 

South of Paskenta, beds of the Shasta series have been followed along 
the eastern border of the Knoxville areas to Cache Creek, and probably 
through the Berryessa Valley to Carquinez Straits, and to the Berkeley 
hills, occurring on both east and west slopes of Mount Diablo and through- 
out the Diablo Range as far south as the Devils Den district. They occur 
also in the Santa Lucia Range, as, for example, at Pine Mountain, where 
they were observed by the writer and H. W. Fairbanks in 1894, but were 
included by the latter in the “Knoxville” series.** It seems probable 
that a part of the deposits in the San Luis Quadrangle, described as the 
“Toro formation,” belongs to the Shasta series. It is certain also that 
a large part of the deposits in the Diablo Range, that have been described 
as “Knoxville,” properly belong to the Shasta series, and that the lower 
part of the “Panoche formation” is of the same age. 

In Oregon, Washington, British Columbia, and Alaska the stratigraphic 
relations of the Shasta series, or its equivalents, are not well known, but 
the condition of overlap of Shasta beds upon older rocks seems to have 
been shown in many places. In his summary account of the Mesozoic 
stratigraphy of Alaska, Martin states that 

“A widespread marine transgression in early Cretaceous time carried the 
sea over most, if not all, of the area which is now Alaska.” * 


The faunas of these early Cretaceous deposits in the north have been 
only partially described, but Awcella-bearing beds, with species related to 
Aucella crassicollis Keyserling are often mentioned in the literature of 
these regions. Martin mentions various areas on the peninsula, and in 
southern Alaska (Herendeen Bay, Cooks Inlet, Chitina Valley, Admi- 


#2 H, W. Fairbanks: The stratigraphy of the California coast ranges. Jour. Geol., 
vol. 2, 1895, p. 421, 

33G. C. Martin: Mesozoic stratigraphy of Alaska. U.S. Geol. Survey, Bull. 776, 1928. 
p. 286. 
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ralty Island) as well as on the upper Yukon River (Rampart-Tanana re- 
gion), in which Lower Cretaceous (? Paskenta) beds are recognizable. 
Where these beds are found in contact with Upper Jurassic, it is the 
Naknek formation, rather than equivalents of the Knoxville, that under- 
lies them. However, the Naknek formation is not regarded as being 
uppermost Jurassic, and it may not be as late as upper Portlandian. 

On the upper Yukon (Rampart-Tanana region), in the Kuskokwim 
Valley, and on Admiralty Island (Pybus Bay), and at other places, Lower 
Cretaceous beds rest upon Triassic or Paleozoic rocks, with no Jurassic 
rocks intervening. This may also be true in some places in California. 


CoRRELATION 
GENERAL STATEMENT 


The relation of the Knoxville to other Jurassic series in California can- 
not yet be fully determined, but some of the known facts may be men- 
tioned. According to Smith,** the Mariposa beds may possibly have a 
thickness of 10,000 feet, although this estimate is considered excessive. 
The upper part, consisting of tuffs and shales containing Perisphinctes 
colfaxi Gabb, may be Portlandian, or it may be older. No tuff beds have 
been noted in any part of the Knoxville series, although the lower part 
may possibly contain tuffaceous material. The lowest beds of the Knox- 
ville series can hardly be older than Portlandian, as the fossils seem to 
indicate middle Portlandian horizons. 

Diller and Stanton ** regarded the Knoxville as unconformably related 
to the Mariposa slates, and this view has been generally accepted. It 
would appear, therefore, from the available evidence that the interval 
between the deposition of these series was not relatively long, and may 
have been only that between early and middle Portlandian time. 

The floor, upon which the Knoxville deposits were unconformably laid 
down, includes the so-called “Franciscan series.” Thin-bedded cherts 
and sandstones, locally associated with limestone, and igneous rocks 
(greenstones, serpentines, etc.) are often found, lying unconformably 
beneath Knoxville beds. According to Lawson ** the Franciscan series 
(or group) contains much igneous materials, including pyroclastic rocks. 
This fact, and the unconformable relation of the Knoxville series to it, 
may indicate that the interval between the Franciscan and the Knoxville 


% J. Perrin Smith: Geologic formations of California. Calif. State Mining Bureau, 
Bull. 72, 1916. p. 31, 

% 7. S. Diller and T. W. Stanton: Op. cit. 

36 A. C. Lawson: Geology of San Francisco Peninsula. U. S. Geol. Survey, 15th Ann. 
Rept., 1895, p. 430. Also San Francisco Folio, U. 8S. Geol. Survey, 1914, p. 6. 
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is the same as that between Mariposa time and Knoxville. If any part 
of the Franciscan series is Jurassic in age it should be middle, rather than 
upper, Jurassic, since it must antedate Knoxville (middle Portlandian) 
time. 

From these facts it would appear that the Cordilleran revolution, clos- 
ing the Mariposa epoch with an uplift and the emergence of the con- 
tinental border of the basin, affected also the Coast Range areas, causing 
a partial withdrawal of the sea, followed by a differential subsidence and 
a shifting of the locus of the basin westward, with a marine transgression 
in that direction and the deposition of Knoxville sediments upon the 
Franciscan equivalents of the Mariposa beds, along the eastern border 
of the then existing Coast Ranges. It is too early to say with entire con- 
fidence that this is a correct record of events, but it is suggesed by the 
known facts. 

The time interval indicated by the faunal differences between Mariposa 
and Knoxville is considerable, no species having proved to be common 
to both series. This interval may be represented in Coast Range areas 
by the unconformity between Franciscan and Knoxville sediments. Com- 
plete adjustment of the geologic record throughout the Pacific coast 
region to the facts disclosed in the study of the Knoxville series has 
yet to be made. 

OREGON SECTIONS 

Beds that have been correlated with the Knoxville of California have 
been described as occurring in southwestern Oregon, as near Riddles, 
Dillard, and Galice Creek, Douglas County, and on Elk River, Curry 
County. Judging from the list of invertebrate species given for the 
Dothan (and perhaps Galice) formation, including Aucella erringtoni 
(Gabb), these beds are to be correlated with Mariposa rather than with 
the Knoxville, proper. This seems to have been the view of Diller. 


The Myrtle formation may be, in part, equivalent to the Knoxville, 
but, in part, it appears to contain the lower portion (Paskenta beds) of 
the Shasta series. The section has been too little studied to permit more 
exact comparison with the California column. The strata described by 
Diller as occurring on Elk River, Curry County, with a fauna of Aucella 
crassicollis and “Simbirskites” mutabilis, ete., evidently include beds 
referable to the lower part (Paskenta) of the Shasta series, although the 
list given is somewhat confusing. The stratigraphic sequence here, as 
in Douglas County, may, by further study, be capable of separation into 
Jurassic and Cretaceous divisions. Possibly strata could be found inter- 
vening between the Dothan formation and the Neocomian part of the 
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Typical black sandy shale at top of Knoxville series, Redbank 
Creek, western Tehama County, California. (Photograph by <A. I. 
Gregersen. ) 


Coarse conglomerate at base of Chico group, Redbank Creek, 
western Tehama County, California. (Photograph by A. I. Greg- 
ersen.) 
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Myrtle formation. Besides these beds, there are few, if any, proved equiv- 
alents of the Knoxville series found between California and the Yukon 
River, Alaska. Most of the Jurassic rocks that have been described 
from British Columbia and from Alaska are older than the Knoxville 
series. The latest of these, in the Naknek formation, which is thought 
by Martin to extend upward to the Portlandian but not to the Purbeckian, 
do not contain a Knoxville fauna but one more nearly equivalent to that 
of the Mariposa beds. 
ALASKA SECTIONS 

Upper Jurassic rocks are well known in many parts of Alaska, includ- - 
ing the Alaska peninsula, the Matanuska Valley, the Chitina Valley, the 
Nutzotin Mountains, and southeastern Alaska. Judging from the ac- 
counts that have been given of these formations, it is doubtful if any 
equivalents of the Knoxville series, as here understood, have been found 
there. No characteristic Knoxville species are listed by Stanton and 
Martin from the district about Cooks Inlet, and in the later summary 
account of the Upper Jurassic strata in Alaska by Martin ** none is men- 
tioned, although the upper part of the Naknek formation is provisionally 
correlated with the lower part of the Knoxville. The Naknek beds con- 
tain species of Aucella related to Aucella bronni Rouillier, A. erringtoni 
(Gabb), A. fischeriana d’Orbigny and A. pallasi Keyserling. They have 
been correlated with Kimmeridgian and Portlandian strata of Europe, 
but are, perhaps, more correctly regarded as equivalent to the Mariposa 
beds of the Sierra Nevada in California. The maximum thickness of 
the Naknek formation apparently does not exceed 5000 feet, and the 
total thickness of the Jurassic sections is less than 10,000 feet. In this 
respect they are comparable to the Mariposa; whereas, the minimum esti- 
mate for the Knoxville beds along McCarthy Creek, Elder Creek, and 
Redbank Creek in western Tehama County, is not less than 14,000 feet, 
and the maximum is probably greater. 

Tn his observations upon the Upper Jurassic deposits of Alaska Mar- 
tin says: 

“The latest Jurassic deposits, corresponding to the Purbeckian of Europe, 
and the earliest Cretaceous deposits have not yet been recognized in Alaska. 
The absence of these deposits indicates that the transition from Jurassic to 
Cretaceous time was marked in Alaska by a break in the sedimentary record.” * 

These facts seem sufficient to show that in Alaska, and possibly in parts 
of California, there was an epoch of disturbance, of uplift and erosion, 


37 G. C. Martin: Op. ecit., p. 286. 
38G. C. Martin: Op. cit., p. 286. 
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during later Jurassic (? post-Mariposa) time, and that a later, early 
Cretaceous subsidence in Alaska, as in California, brought marine in- 
vasions into many of the then existing yalleys and lowlands over wide 
areas along the southern coast. Whether the events recorded in late 
Mesozoic deposits of Alaska were entirely contemporaneous with those 
of California can only be determined after more detailed work has been 
done on the faunas of Alaska. 


OTHER SECTIONS 


The upper Jurassic deposits in the region of Catorce, Mexico, were 
indirectly correlated stratigraphically with the Knoxville beds by Stan- 
ton, particularly in his descriptions of such species as Hoplites storrsi 
and Phylloceras knoxvillense. This correlation appears to be justified, 
in part at least, but such correlation cannot be extended directly to the 
Malone formation of southern Texas, although this formation has also 
been, in part, correlated with the sequence at Catorce. 

There are few Jurassic deposist in North America that can be directly 
correlated with the Knoxville series. Even in the neighboring basins 
of southern Oregon, where it would seem that equivalents of this series 
should be found, the evidence of their existence is meager and unsatis- 
factory. 

Equivalents of the Shasta series, especially of its lower (Paskenta) 
portion, are recognizable in various places on the Pacific coast. They 
have been found in scattered areas throughout central and northern Cali- 
fornia, southern Oregon, western Washington, southern British Colum- 
bia, and Alaska, and are usually well characterized faunally. 

One of the latest discoveries of lower Shasta equivalents is that de- 
scribed by Crickmay ** in the district of Harrison Lake, British Colum- 
bia, from which he has figured various forms of heavy-shelled, rogose 
Aucella, similar to some so abundant in the lower Paskenta beds of west- 
ern Tehama County, California. Many of the forms from Harrison Lake 
figured by Crickmay have close analogues in the Paskenta beds of the 
McCarthy Creek district, and identical species are probably common. 
However, the meager stratigraphic and faunal notes given by Crickmay 
do not make positive determination practicable. Some of the species 
figured by him belong to the groups represented by Aucella inflata Toula, 
A. uncitoides, and A. solida Pavlow. This occurrence of Aucella-bearing 
deposits forms one of the numerous links in the long chain of Lower 
Cretaceous evidence, stretching from Alaska along the coast to California. 


® C. H. Crickmay: Fossils from Harrison Lake area, British Columbia. Canada Dept. 
of Mines. Bull. 63, 1920. pp. 33-66, pls. 9-11. 
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But here, as in other localities of the north, no evidence has appeared that 
equivalents of the Knoxville intervene between the lower Cretaceous and 
the older Jurassic formations. 


SUMMARY 


The more important, or pertinent, facts here recited show some new 
and unexpected results, as well as some that were already well known. 
The Knoxville-Shasta succession of Mesozoic strata in the Coast Ranges 
of California is separable into two distinct stratigraphic units; one, 
Jurassic in age, and the other, mainly Lower Cretaceous. Between these 
two series is a clearly marked unconformity. The Knoxville, or older, 
series, in its type district and throughout the zone that may be designated 
as its type area, forms a stratigraphic unit distinct from any other with 
which it is in contact. It rests unconformably upon older formations, 
including the Franciscan series, and is overlaid unconformably by later 
deposits of Lower Cretaceous age. The Knoxville series is characterized 
by a fauna of boreal character, the nearest allies of which are found in 
the upper Jurassic (Portlandian and Aquilonian) of Russia and of west- 
ern Europe. By analogy, as well as by direct stratigraphic evidence, the 
series must be regarded as being of the same (uppermost Jurassic) age. 
It attains a stratigraphic thickness of 13,820 feet. Although in point 
of thickness it exceeds any other recognized sequence of Jurassic strata 
in the West, its known areas are limited to the Coast Ranges of California 
and Oregon ; no equivalent beds have been proved to exist in other Jurassic 
areas on the Pacific Coast. None such has been described from these 
areas between southern Oregon and the northern coast of Alaska. Most, 
if not all, of the known Jurassic areas in these regions show only older 
(pre-Portlandian) horizons of this system, differing from the Knoxville 
in lithology and in fauna. 

The Shasta series, which overlies the Knoxville throughout its type 
area, is, for the most part, of Lower Cretaceous age (Infra-Valanginian 
to Albian). It likewise forms a distinct stratigraphic unit, bounded 
above and below by clearly marked unconformities. Its stratigraphic 
thickness approximates or exceeds that of the Knoxville, varying from 
12,000 to 20,000 feet, according to the location of the measured section. 
Its fauna is, for the most part, distinctly Neocomian below, passing into 
middle Albian horizons above. The most characteristic elements of its 
fauna are of southern, or subtropical, aspect, in which regard it contrasts 
strongly with the fauna of the Knoxville series. 
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The Shasta series is capable of division into two parts, which have 
been called, respectively, Paskenta beds (below) and Horsetown beds 
(above) which, in the measured section, aggregate 5340 and 7660 feet. 

The Shasta series can be recognized in many areas of the coast ranges 
of California and Oregon, and in many areas beyond the borders of these 
States. In fact, it seems to extend throughout the entire Pacific Coast, 
from California to the Yukon River, Alaska. Wherever it has been 
found in California it rests unconformably upon older terrains (Paleozoic 
or Mesozoic), showing conditions of overlap and of marine transgression 
beginning with Cretaceous time. This overlap, well shown in California 
and Oregon, is noted in the literature pertaining to all the areas thus 
far described on the Pacific Coast between California and northern 
Alaska. 

The Knoxville-Shasta succession, as now known in California, covers 
one of the most interestng and critical periods of geologic history, show- 
ing by its deposits and by its record, two distinct and profound diastrophic 
events (orogeny) that should furnish the key to the Mesozoic geologic 
record and stratigraphic sequences throughout the Pacific Coast. 
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